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Tbb  first  Edition  of  this  book  (ptihlinbed  in  1898),  which 
hM  now  boan  ihroogh  four  impnwoni,  wm  a  tomowhAt 
noT«l  departure  in  elementary  worki,  inasmuch  as  in  the 
treatment  of  Eleotrostaties  it  introdooed  the  important 
eoooeptton  of  PotemUtU  very  early,  and  aimed  at  leading 
the  student  to  view  phenomena  from  this  standpoint 
rather  than  from  the  antiquated  and  misleading  one  of 
**frpe  and  bound*  charges  which  bad  been  gradually 
abandoned  by  scientific  men,  but  found  a  pewittent 
lodgment  in  the  majority  of  our  Secondary  and  Tsehnioal 
Schools. 

The  present  Edition  has  been  entirely  recast  The 
following  are  the  chi(*f  n>«4iM>ctjs  in  which  it  differs  from 
iU  predecessors ;— . 

1.  P&rt  I.  (ElectitwUUctt),  while  litill  following  the 
'*  Potential  *"  method  of  treatment,  has  been  considerably 
curtailed  and  simplified. 

2.  In  Ptirt  II.  (Magnetism)  a  brief  account  has  been 
given  of  Tubm  of  Force,  MagmtHc  Flux,  PmrmmibUU^,  and 
RdmeUmoe,  Tbese  are  not  usoally  introduced  into  elemen- 
tary boc^  but  on  account  of  their  unportancein  Electrical 
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EDgineering,  in  oonnezion  with  which  at  the  present  day  so 
many  take  up  the  study  of  Electricity,  it  has  been  thought 
advisable  to  include  them. 

3.  In  Part  III.  (Voltaic  Electricity)  a  great  deal  of 
comparatively  unimportant  theoretical  matter  has  been 
omitted,  and  in  it«  place  considerable  stress  has  been  laid 
on  such  subjects  as  the  energy  in  a  circuit,  which  have  a 
cloee  bearing  on  the  requirements  of  the  young  Engineer 

R.  H.  JUDE. 

KurnRRFOBD  COLLBOB,  NEWCASTLB-ON-TTNB, 

January^  1904 
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7%e  importance  and  9]^ fie  fmrpote  of  the  various  portiom 
of  this  book  are  indicated  bj/  tfie  use  of  dtJTerent  ttjpes  in 
accordance  ufiiJi  the  foUowing  scheme: — 

Those  of  primary  importance  for  the  Hoard    |  _  p  '  i 

of  Education  First  Stage  I'xanunation.  ) 

Those  required  for  the  Examination,  but    \  ^     i,  ,*  -  . 
.  y    \      •        '         ^  )  Small  Print. 

of  somewhat  mmor  importance.  ) 


Those  of  great  imiK)rtance  in  themselves^ 
especially  to  the  student  of  Electrical  Engi- 
neering, and  which  will  help  to  give  a  better 
grasp  of  the  Board  of  Education  Examination, 
but  not  officially  prescribed. 
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and  marked 
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N.B. — Nearly  all  the  Exercises  except  those  marked  with 
an  asterisk  have  been  set  in  recent  years  at  the 
Board  of  Education  First  Stage  Examination.  In 
a  few  of  special  importance  the  year  is  prefixed 
thus  (1903). 


FIRST  STAGE 
ELECTRICITY  AND   MACNETISM. 


PART  I. 

FRICTTOffAL  ELECTRICITY  OR  ELECTROSTATICS, 

CHAPTER   I. 

EL  KiTRIFICA  TlOIf, 

1.  FiuUUtflCBtal  FmU.  If  a  piece  of  sealing-wax  be  nil>bed  with 
dry  flannel  or  doth,  and  then  held  near  ■oma  nnall  aerapa  of  paper, 
or  any  U|^t  bodiea  loch  as  feathen,  bits  of  eotton-wool,  etc^  theee 
will  jump  up  to  it  The  sealing-wax  therefore  exerts  a  force  tending 
to  pall  those  bodies  towards  it ;  a  force  which  does  this  is  called  an 
aMradibii  or  an  aUroiCiim  fortt,  and  the  sealing-wax  is  said  tooitrvKf 
the  paper,  etc.  There  are  plenty  of  things  that  will  prodooe  this 
effect  as  well  as,  or  even  better  than  sealing-wax :  a  piece  of  brown 
paper  after  being  well  dried  by  holding  before  the  fire  and  then 
nibbed  with  dry  flannel  will  do  it  very  well  indeed.  The  first  thing 
that  was  ever  known  to  possess  this  property  was  omber ;  this  faet 
was  discovered  about  the  year  600  n.a  by  one  Thales  of  Miletus,  bol 
it  was  not  until  the  time  of  Qneen  Elisabeth  that  it  was  found  out 
that  many  other  things  would  behave  in  the  same  wi^ :  this  was 
done  by  her  physician  Dr.  Qilberl 

A  warm  dry  glass  rod,  after  being  rubbed  with  silk,  shows  the 
effect  very  well,  and  a  dry  ebomiU  rod  nibbed  with  fur  does  so  still 
better :  with  this  we  can  lift  fairly  large  pieces  of  paper,  cork,  etc 

It  is  well  not  to  confuse  between  the  forte  of  attraction  and  the 
maffenunt  of  the  attracted  bodiea :  thus,  if  a  small  piece  of  cork  be 
held  in  the  fingers,  and  an  ebonite  rod  rubbed  with  fur  be  placed  two 
or  three  inches  from  it,  the  cork,  of  course,  cannot  move  becaose  it 
is  held  fast ;  but  the  rod  is  attracting  it  all  the  same.    If  the  rod  be 
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held  over  a  heavy  body,  such  as  an  iron  or  wooden  bar,  the  latter  in 
not  lifted  simply  because  the  attractive  force  is  not  strong  enough  to 
overcome  its  weight ;  hut  it  is  only  necessary  to  balance  the  bar  on 

a  pivot  as  in  fig.  1,  or 
a  stirrup  as  in  fi..;.  2, 
and  hold  the  rubbed 
ebonite  rod  a  few 
inches  from  it  towards 
its  side,  when  it  moves 
Fit.  L  readily  towards  it. 

2.  Electrification.  Whenever  a  body  shows  this  power  of  at- 
tracting things  it  is  said  to  be  electi-ijied,  or  to  possess  an  electrifi- 
cation. It  is  also  said  to  be  charged,  or  to  possess  a  charge.  The 
two  latter  terms  will  be  assigned  a  more  definite  meaning  in  J  26. 
Bodies  in  their  ordinary  state  do  not,  of  course,  exhibit  this  i)roperty  ; 
such  are  said  to  be  neutral.  Hence  the  general  facts  of  S  1  may  be 
summed  up  in  the  statement  that  electrijied  bodies  attract  neutral  ones. 

3.  All  Forces  are  Mutual  It  will  help  us  to  avoid  mistakes  to 
notice  that  all  forces  are  mutual. 
This  principle  is  a  mechanical  one, 
and  applies  to  all  kinds  of  forces. 
Thus  a  horse  exerts  a  certain 
forward  pull  on  a  cart,  and  the  cart 
exerts  a  precisely  equal  backward 
fM  ypon  the  horse.  An  electrified 
body  Attracts  a  neutral  one,  and 
the  meutftU  one  attracts  the  electrified 
one  with  on  equal  force.  In  the 
preceding  experiments  matters  arc 
■o  arranged  that  the  neutral  one 
U  free  to  move  while  the  electrified 
one  is  held  fast,  but  it  is  easy  to 
arrange  them  the  other  way  ;  thus, 
if  an  electrified  ebonite  rod  be 
balanced  on  a  pivot,  and  a  neutral  wooden  one  held  in  the  hand 

it,  the  ebonite  will  move  up  to  the  wood. 


L  Eleetridtj.    Now,  when  it  was  discovered  that  so  many  things 
•oold  be  electrified,  men  asked  why  it  was  ;  and  they  began  to  mnko 


<ml-eev«ml  tfa^onci.  Hot  tbey  reaiiy  bad  not  enougb  imru  to  bund  a 
tbtoiy  upon ;  and,  vrm  now  IImU  Twy  much  mora  b  laioini,Kieotifte 
tre  not  eerUin  m  lo  Iha  etOM  of  altelriteHoa.  Bsl  wo  om 
Ihat  there  mutt  be  tomtiJkimg  widch  U  iflwiytoii  or  olW  i 
in  saeh  a  way  m  to  prodnoo  the  nItVMtkm,  and  to  that 
give  the  name  iUetrieiip, 

We  mwt  be  very  earefnl  not  to  confme  between  electricity  and 
eleetriScation.  **  £leetri6caUon  "  u  merely  a  name  given  to  iJU  com- 
ditum  of  ike  tUHr^kd  bod^,  while  **  eleetrieity  '  ia  the  myttirhMM 
'*aomething"  which  renders  it  poesible  to  produce  that  eooditioo. 
Nobody  knowa  for  certain  what  electricity  ia,  or  what  happena  to  the 
eieoirieity  when  a  body  is  eleetriBed,  though  on  thia  btler  point  wo 
aball  aee,  aa  we  go  on,  wo  ean  make  a  very  reasonable  soppoaitioo 

One  thing,  however,  we  mnRt  ^mrd  against  from  the  beginning ; 
we  roust  never  suppose  thn'  •>  electrify  a  body  we  wtalm  amif 

eiectrieity ;  it  is  much  mor*-  uat  we  only  alter  the  eonditioo 

of  what  already  exists,  so  that  it  ean  do  what  it  eoold  not  do  befoco,— 
in  something  the  same  way  as,  when  we  wind  op  a  watch,  we  do  not 
wmke  the  spring,  we  merely  alter  the  arrangement  of  ita  coils,  and 
then  it  can  do  what  it  could  not  do  before->vii.,  make  the  watch  "  go. 

6.  IndnctiOB.  In  S  S  we  have  said  that  "electrified  bodieaattnet 
neutral  oncsw"  But  here  a  qneation  arisea.  A  piece  of  cork  ia  lying 
on  the  table :  it  is  **  neutral."  We  then  bring  over  it  an  electrified 
rod,  and  it  is  attracted  Is  ike  cork  neutral  while  the  rod  is  near  ii 
but  noi  actually  touching  ii  t  This  question  can  be  answered  only 
by  experiment ;  and  we  shall  learn  in  the  next  chapter  that  the  oork 
ia  eertainly  not  neutral,  but  that  it  beoomea  electrified  by  the  external 
j^/hsenee  of  the  eleetri/ted  rod. 

Such  electrification  is  called  iNcfMeei  electrification,  or  electrificatkm 
by  induction.  The  same  is  true  in  every  caae :  the  attracted  body, 
which  we  say  is  neutral,  is  really  not  so,  but  is  electrified  by  indoctaoo. 
When,  therefore,  we  say  that  an  electrified  body  attracta  a  neutral  one, 
what  we  mean  is,  not  that  the  latter  is  actually  neutral  tthUe  it  is 
being  attracted,  but  that  it  would  be  neutral  but  for  the  presence  of 
the  attracting  body. 

We  shall  deal  more  partieiilarly  with  induced  electrifiealkma  b  the 
viext  chapter.    An  oloetrifieatioii  which  ia  not  tho  mm%  reatdt  ol 
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eztflnial  influence,  but,  80  to  speak,  belongs  properly  to  the  body 
is  sometimes  spoken  of  as  a  free  dectrification,  or  a  free 
such  is  the  charge  imparted  to  a  body  by  rubbing.  In 
general,  when  we  speak  of  "  electrification  "  or  *'  charge,"  wc  mean  it 
to  be  free,  unless  the  contrary  is  specified. 

6w  Pith-ball  Electroscope.  This  is  a  convenient  little  instrument 
for  ascertaining  practically  whether  a  body  is  electrified  or  not. 
It  consists  (fig.  3)  of  a  small  ball  of  elder-pith  (which  is  very  light) 
hung  on  a  stand  by  a  fine  silk  thread.  To  test  a  body  we  8ini])ly 
hold  it  near  the  pith  ball  and  observe  whether  the  latter  moves 
towards  it ;  if  it  does  the  body  is  electrified,  if 
not  it  is  neutral.  Care  must  of  course  be  taken 
that  to  begin  with  the  pith  ball  is  neutral,  other- 
wise, for  the  reason  in  5  3,  the  experiment  will  be 
misleading.  Should  the  ball  have*becomc  electrified 
by  accident,  or  as  the  result  of  some  previous  ex- 
periment, it  may  be  rendered  neutral  by  gently 
squeezing  in  the  fingers  (5  16).  The  process  of 
rendering  an  electrified  body  neutral  is  termed  de- 
electrifying  or  ditcharging. 


rig.*. 


7.  Can  All  Substances  be  Electrified?  This  is 
one  of  the  questions  Dr.  Gilbert  set  himself  to 
answer,  and  the  piih-ball  electroscope  enables  us 
to  do  86  for  ourselves.  We  find  by  experiment  that  any  of  the 
Hubstances  mentioned  in  list  1  (see  below),  if  held  in  the  hand 
and  rubbed  with  almost  any  soft  material,  will  afterwards  attract 
the  pith  ball,  and  is  therefore  electrified. 

But  if  we  treat  any  of  those  in  list  2  m  eA^  same  toay  it  will  not 
affect  the  pith  ball,  and  is  therefore  not  electrified. 


Lut  1. 

Amber. 

Sealing- 

Eeain. 

Sulphur. 

Gnita-percha. 

India-rubber. 

Ola«. 

Sbouitei 


Litt% 

Amr  Metal,  €,g.  iron,  copper, 

brass,  etc. 
Ordinary  wood. 
Bricks,  stones,  etc 
Paper  under  ordinary   circum- 

stancee. 
Vegetable  tiasoe. 


Alt.  ft] 


ILWTU  VIOATtOII. 


Now,  what  thii  ihowi  It  tluU  if  we  Uke  Miy  of  Um  thinp  m  iist  t. 
And  AM  lAm  •»  U«  Aoncf  amd  ni6  Om,  tbejr  do  Dot  in  tbb  way 
olaetriaod ;  that  is  a  vwy  differaot  thing  fron  Myiac  that 
•ketrify  them  hp  tmi^  mmmt  wkaiewtr. 


8L  iBiolatort  and  Conductort.  Look  at  flg.  4  A  if  an  ehooita 
rod  with  a  aocliet  D  D,  and  C  ia  an  iron  rod  with  an  end  pot  in  tha 
•ocket  and  held  fast  by  the  icrew  E  If  now  A  be  held  in  the  hand 
(taking  oare  not  to  touch  B  or  CX  and  C  be  gently  beaten  with  a  do 
rubber  and  than  held  near  the  ball  of  the  pith- 
ball  electroaeopei  It  will  attract  it  atrongly. 
By  thii  meana  wa  have  therefore  tttctri/ltd 
lit  worn  rod,  and  wa  ean  electrify  any  of  tha 
tnbetaneea  in  tha  aeeond  liat  of  §7  in  the  tame 
way,  the  esMntial  point  being  that  they  must 
not  be  held  directly  in  the  band,  but  must  be 
inoimlMf  on  a  kcmdlt  tmade  of  one  of  the  fii6- 
slcmeei  tfi  CiU  fim  liti,  the  best  being  ebonite. 
Dr.  Gilbert  did  not  know  this :  he  thought 
that  none  of  the  things  in  the  second  list  could 
be  electrified,  so  he  called  them  mon-eUetriei 
while  thoae  in  the  first  list  he  called  eUetriet ; 
but  nobody  uses  these  terms  nowadays,  because 
they  coDTey  quite  wrong  ideaa.  The  things  in 
the  first  list  ara  now  called  uuulaiort,  and 
those  in  the  second  eonduetort.  We  shall 
learn  in  S  H  ^y  these  terms  are  used ;  just  now  we  will  regard 
them  as  mere  namea. 

•.  Difcharging  a  Condactor.  If  in  fig.  4,  after  rubbing  tha  rod 
and  satisfying  ourselves  by  the  pith  ball  that  it  is  electrified,  we 
touch  it  with  the  finger  and  again  try  it  with  the  pith  ball,  we  shall 
find  that  it  will  no  longer  aflfect  it ;  we  thus  learn  that  touching  a 
freely  electrified  conductor  reduces  it  to  a  neutral  state,  ut,  (§  8) 
lie- fleet ri/irt  or  discharget  it.  The  same  eflfcct  is  produced  by  causing 
the  electrified  conductor  to  come  into  contact  with  the  walla  of  tha 
room  or  the  floor.  If  a  metal  or  wooden  rod  be  stuck  in  the  floor 
and  an  electrified  conductor  allowed  to  touch  the  top  of  it,  tha 
conductor  will  be  at  once  dischargiHi,  but  if  the  rod  be  of  glass  or 
ebonite  or  gutu  |K>rcha  it  will  remain  electrified. 


f%.«. 


[Art.  10. 

10.  General  ConclosioxL  Now,  remembering  that  metala,  wood, 
stone,  huiimn  He^h,  etc,  are  what  wc  have  termed  conductoni,  while 
giMB,  ebonite,  e(c^  are  what  we  have  tenned  insulators,  and  looking 
at  all  the  experiments  in  §§  Sand  9,  what  we  learn  is  that  a  conthrtor 
can  be  freely  eUctriM  when  and  only  when  cm  intulator  i$  inter- 
poied  hehoeen  it  and  the  earthy  and  al$o  that  ofter  a  conductor  ha* 
been  thut  electrified  it  become*  diacharged  by  making  a  conducting 
path  from  it  to  the  earth. 

When  an  insulator  is  inter|K)8od  between  a  conductor  and  the 
earth  the  conductor  is  said  to  l>e  inmlated^  while,  when  there 
is  a  conducting  ]mih  all  the  way,  it  is  said  to  be  earthed 
Thus  we  can  freely  electrify  an  inetdated  conductor  but  not  an 
earthed  one^  while  earthing  a  freely  electrified  conductor  at  once 
di^chariffs  it. 

11.  Explanation  of  Difference.  An  electrified  conductor  remains 
electrified  while  insulated,  but  becomes  at  once  de-electrified  when 
earthed.  And  the  most  natural  explanation  so  far  is  that  the  electrifi- 
cation is  due  to  something  which  can  flow  along  conductors  hut  iwt 
along  innUators ;  to  this  "  something  "  we  give  the  name  Electricity 
(cf.  §  26).  When  the  electrified  conductor  is  earthed  this  electricity 
flows  along  the  conducting  path  into  the  earth  and  is  lost  to  im, 
though  it  by  no  means  follows  that  it  is  really  lost,  while  when 
insulated  the  electricity  remains  on  the  conductor.  And  now 
we  see  why  the  terms  "  conductor "  and  "  insulator  "  are  used  :  a 
'■onductor  is  a  substance  which  allows  electricity  to  flow  along 
It,  that  is,  conducts  it ;  while  an  insulator  or  non-conductor  is  one 
which  does  not  do  so,  but  blocks  the  way  against  its  passage  and  so 
keeps  it  in  its  original  place. 

It  is  clear  now  why  we  cannot  electrify  a  conductor  all  the  while 
it  is  held  in  the  hand :  the  human  body  is  a  conductor  and  cannot 
block  the  way,  so  that  the  electricity  cannot  remain  on  the  conductor. 
()f  course,  with  a  non-conductor  the  electricity  cannot  flow  along  it, 
so  that  it  serves  as  its  own  insulator.  Incidentally  wc  le^irn  too  that 
the  main  body  of  the  earth  is  a  good  conductor,  othcrwis(%  of  course, 
the  electricity  could  not  so  readily  pass  into  it. 

Conductors  may  be  roughly  compared  to  water  pipes,  and  insulators 
to  tape  turned  off.  The  tap  blocks  the  flow  of  the  water,  and  the 
insulator  blocks  the  flow  of  electricity.  Turning  on  the  tap  oorro- 
spondii  to  earthinor  the  conductor. 


Art.  It.) 
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18.  Part  pUjed  by  Air  and  Moif Imrai    Dry  air  it  ao 
iotuUtor,  to  that  when  a  conductor  ii  on  aa 
iiuulated  Trom  the  earth  all  round ;  if  the  air  wart  a 
ebonite  itand  would,  of  oootm,  ba  UMlaia 

Unfortunately  waier  ii  a  ooodoctor,  and  anything, 
loeoft  iu  ineulating  power  if  wet  Nona  of  the  enhetaaeet  la  ttrt  1, 
f  7,  can  be  elaetri&ed  by  holding  in  the  hand  and  rubbing  if  thty  ba 
damp  thamealTae,  or  if  the  rubber  bo  damp^  For  numarooa  aleeCrieal 
ezpenmenta,  we  require  electrified  cooduetore,  and  it  is  ImsI  to  have 
n  supply  of  metal  ball%  roda,  etc,  moontid  on  ebonite  npportii 
Not  unf requently  glaee  iup|x>rta  are  employed ;  but  they  ara  sot 
nearly  so  good,  because  the  moisture  of  the  air  sticka  vary  peteiilmilly 
to  the  surface  of  the  glass,  which  it  does  not  do  to  ebonite  ;  the  eril 
may  be  to  some  ezt^^ut  remedied  by  coating  the  glaas  with  a  layer 
of  shellac  T»mish.  Silk  is  a  good  insulator,  hence  aomeiimet  metal 
balls  are  hung  up  by  silk  threada:  unspoa  silk  answers  best,— it 
absorbs  Tcry  little  moisture. 

It  should  be  obsenred  that  aiowl  oar  itaell  is  an  insulator,  for  it  is 
merely  air  containing  the  wapowr  of  water,  and  this  possesses  rery  little 
if  any  conducting  power ;  it  is  only  wnter  in  the  liquid  form  that  is  a 
i{Ood  conductor.  And  when  electrified  bodies  Icee  their  charge  by  ea- 
posure  to  damp  air  it  is  because  such  air  deposits  a  thin  layer  of  liqwid 
moisture  on  the  insulating  supports  and  so  renders  tktm  oooduelofa 

18.  Classification  of  Conductors  and  Insulators.  The  conducting 
nnd  iiiAulating  power  of  different  substaaoea  variea  greatly,  aad, 
indeed,  one  cannot  draw  a  sharp  line  betwaen  eonduetors  and  nou- 
eonduelora ;  some  aabstaneai,  aueh  as  wood  and  paper,  ean  hardly  be 
called  the  one  or  the  other.  It  is  usual  to  give  soma  audi  ebssifi* 
cation  as  the  following,  it  being  understood  that  the  "good 
insalatora"  ipu^t  be  dry,  as  otherwise  they  cease  to  be 

Silver.  \ 

Copper. 

Other  metaU 

Qasooke. 

Charcoal. 

Graphite. 

Acids. 

Metallic  salu 

Water. 

The  Body. 


Bad  Insulators. 


Good  Conduotora 


[Art  14. 


r  Linen.              > 

Cotton. 

Wood. 

• 

Byrtial  Insulators. 

Stone. 
Marble. 
Pa|)er. 
►  Ivory.               J 

Partial  Conductors. 

/Oils. 

Porcelain. 

Wool. 

Silk. 

Posin. 

Sulphur. 

Good  Insulators. 

(Jutta-perclia. 

)      Bad  Conductors. 

Shellac. 

Sealing-wax. 

Ebonite. 

Paraffin-wax. 

Glass. 

Air. 

Vapour  of  Water. 

14.  Di8tril)ntioii  of  Electriflcation.  If  what  we  have  said  in 
}  11  as  to  Jtoto  be  true,  we  should  expect  that  if  we  took  a  metal  rod 
(mounts  on  an  insulating  handle)  and  rubbed  one  end,  the  electrifica- 
tion would  distribute  itself  all  over  the  rod,  whereas  with  an  ebonite 
or  glass  rod  we  should  expect  it  would  remain  at  the  end  rubbed. 
Experiment  tells  us  that  this  is  the  case,  for  if  in  fig.  4  we  rub  the 
top  of  the  iron  rod  all  parts  of  it  will  attract  the  pith  ball,  while  if 
we  rub  the  top  of  an  ebonite  rod  it  is  only  the  top  that  will  attract. 
Thus  an  dectrijication  dUiribuUt  itself  all  over  a  conductor,  but  not 
over  an  insulator  unless,  of  course,  the  whole  insulator  be  rubl)ed. 

A  word  of  caution  is  needful  here :  we  say  an  electrification  dis- 
tributes itAelf  all  over  a  conductor,  not  all  tftrough  it  We  shall  learn 
later  that  the  electrification  on  a  conductor  is  always  all  on  the  iur/ace, 
— it  does  not  penetrate  the  interior  at  all ;  whereas,  curiously  enough, 
in  non-conductors  it  does  penetrate  the  interior  to  some  extent  (§  04). 

15.  Transference  of  Electriflcation ;  Electrification  by  Contact. 
The  view  set  forth  in  J  14  leads  to  another  important  point  Suppose 
we  have  two  conductors  (.say  two  brass  balls),  each  mounted  on  an 
ebonite  support  as  in  fij^  5,  and  cither  touching  each  other  as  shown 
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ID  the  dwgmm,  or  plieed  mnm  dirtMiM  ftpan 

eopiNr  wira    Then  they  aro  in  eoodneliiif  or  "olMlrfotl ' 

Mtimi,  uid,  bideed,  frocn  mi  eloetriod  poial  of 

flonrfwdor.     Heno^  if  wo  oloetrtfy  A,  tho 

oketriaoHtoii    wUl    dklrilmlt    Hoolf    otw 

a#  Mitfv  Mr>b^  and  bolh  A  MMl  B  wUl 

bo  electrified.     Thii  can   eaiiUj  be  proTod 

by  MpAnUing  them  and  afierwarda  tetting 

oaefa  wpamtoly  with  the  frith-ball  eleetro- 

aeope,  wboB  aadi  will  bo  found  to  attraol 

the  ball 

Again,  mppoia  that  to  begin  with  the 
baUa  do  not  toodi  and  there  is  no  wire, 
or.  to  put  it  technicaUy,  they  are  insukae<i  "  °  fW-V 
not  only  from  the  earth  but  from  oni- 
another,  and  that  we  now  eleetrify  A  and  alterwarda  put  it 
into  ooiMloeling  commnnirarion  with  B  (care  of  oovmo  being 
taken  not  to  earth  either  A  or  RX  Then  B  acquires  loaie  of  A'l 
electrification,  while  some  is  retained  by  A,  which  can  all  be 
proTed  by  the  pith-ball  electroscope.  This  way  of  electrifying  B 
is  called  tUdri/ying  6y  contact^  and  the  electrUkation  B  acquires 
is  called  eoniaei  eUcinJleaii<m :  it  is  manifestly  due  to  part 
of  the  electricity  which  existed  on  A  flowing  on  to  B,  the  rest 
remaining  on  A. 

There  is  no  difference  between  a  contact  electrification  and  one 
obtained  by  direct  friction,  except  as  respects  the  way  of  ginng  it ; 
but  it  should  be  noticed  that,  since  electricity  will  not  flow  over 
non-conductors,  we  must,  if  we  wish  effectually  to  electrify  them, 
employ  direct  friction  :  we  cannot  impart  any  considerable  charge  to 
or  take  such  from  them  by  contact.  If  we  touch  sn  insulated  metal  ball 
with  an  elcctrifit^  ebonite  rod,  the  ball  will  receive  a  certain  electri- 
fication, but  only  from  those  points  of  the  rod  which  the  ball  has 
sctuaUy  touched,  so  that  the  electrification  acquired  will  be  small 
In  like  manner,  if  an  electrified  ebonito  rod  be  touched  by  the  finger 
it  will  be  de-electrified  at  the  place  touched  hot  nowhere  else ;  in 
order  to  de-electrify  it  completely  it  must  be  squeeaed  in  the  hands 
along  its  entire  length.  Elder-pith  is  not  a  very  good  eoodoctor,  and 
hence  it  is  (§  6}  that  in  discharging  the  pith-bail  we  must  sqneese  it 
sll  over. 


!•  Kummamuwm.  [Art.  16. 

By  Ui»  cont4Mt  oMthed  wetcaa*  electrify  rabetanoes  such  as  ^-ater 
wliw  direct  friction  is  out  of  the  queetion.  If  a  small  glass  of  water 
bAi^plaaed  on  an  inaulatiog  stool,*  and  an  electrified  conductor  be 
mide  to  touch  the  surface  of  the  water,  the  latter  will  Itecome 
electrified,  as  can  easily  be  proved  by  the  pith-ball  electroscope 
provided  the  electrification  be  pretty  strong. 

The  contact  method  is  very  ui^cful  when  wo  wish  to  eloctrify  some^ 
conductor  or  arrangement  of  conductors  which  we    cannot   con- 
veniently rub.     For  this  pur^)ose  we  merely  take  an  insulated  metal 
ball,  rub  it,  and  then  touch  the  conductors  with  it,  rei)eaiing  the 
process  until  we  have  as  strong  an  electrification  as  is  desired. 

The  same  method  is  also  convenient  for  examining  the  electrification 
of  any  conductor  which  cannot  readily  be  moved  so  as  to  bring  it 
near  an  electroscope :  in  this  case  we  take  a  small  insulated  ball, 
allow  it  to  touch  the  conductor,  and  then  carry  the  ball  to  the 
electroscope.  Sometimes  a  jyroo/pla/ne  is  used  for  this  purjiose  ;  it 
ib  simply  a  small  flat  circular  piece  of  brass,  about  as  big  as  a 
shilling,  mounted  on  an  insulating  handle.  This  instrument  luu  also 
more  elaborate  uses,  as  will  be  explained  in  §  65. 

QUVTION  .-—What  will  happen  if  we  tooch  (1)  an  electrified  brass  ball 
with  a  dry  glass  rod,  (2)  an  electrified  ebonite  rod  with  an  insulatctl  carrot, 
(3)  an  electrified  stick  of  sealing-wax  with  a  piece  of  dry  iodiarubber 
tube,  (4)  an  electrified  ebonite  rod  with  a  wisp  of  damp  silk  1 

18.  Electrical  Repulsion.  We  have  seen  that  if  we  hold  an 
electrified  body  near  the  pith-ball  electroscope  the  ball  will  be 
attracted.  But  we  cannot  work  with  this  instrument  without 
discovering  something  else,  viz.,  this  :— The  ball  is  attracted,  and  if 
it  be  allowed  to  touch  the  electrified  body  is  afterwards  driven  away 
from  it  or  repelled  ;  and  sometimes  the  repulsion  is  so  strong  that  it 
is  impossible  to  make  the  electrified  body  approach  within  several 
inches  of  the  ball.  Now,  why  is  this  ?  Well,  in  the  first  place  wc 
know  that  when  the  ball  touches  the  rod  it  receives  a  contact 
electrification,  and  as  the  ball  is  suspended  by  a  .silk  threml  which 
is  an  insulator  this  electrification  must  remain  on  the  ball.    So  that 


*  Ad  losalating  stool  or  6taod  is  a  very  snuUl  table  mounted  on  glass  or 
ebonite  legs,  ebonite  being  preferable. 
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i(  Kvinft  prHty  c^mr  tht  the  rapttWoa  oioH  b«  CMttd  bgr  Um 
oUelrifioftikMi  ol  Um  b^a  And  an  >adirioiMl  iptiiiiilt  nmdan 
thU  an  abeoloto  eertAinCj,  for  w»  Imvt  only  to  diwlMUft  Um  bdU 
whcu  it  «0ua  bMomci  oiMMlidl  Wo  tbuft  k«ni  UmI  ao  tlaeCriflad 
body  may*  at  any  rata  nndar  10100  dfouBitaBeta*  rtpd 
oliitrifled  body. 


Q170TIOV :— If  the  pith  beU  were  fUt  aad  raepeodad  tnm  a 
•taod  by  e  teqr  floe  copper  win  iarteed  U  a  eUk  thiead,  woald  theae  be 
any  repaUkm  f 

17.  Farther  Study  of  Attraction  aid  RapnliioiL  Now,  in  fi^  I 
or  9  let  the  rod  rrpn'M^nt  one  of  p/oei  which  has  btem  rubbtd  with 
tUk,  Take  another  nxl  '>^  >'^"«^'^  nib  it  with  ailk  and  bold  it  near 
the  one  on  the  pivot  (<>t  the  latter  will  be  rtpelUiL    Hef«, 

then,  we  hare  a  more  dir«vi  lu^^uiitce  of  one  electrified  body  repeUing 
another. 

Now  pot  the  glaea  roda  aside.  Take  an  eUmUe  rod  rubbed  wiiJk 
htr  and  set  it  on  the  pivot,  then  take  another  ebonite  rod,  rub  it 
with  far  an<l  hold  it  near  the  one  on  the  pivot :  the  latter  will  ba 
rtpdled.    Here  is  another  case  of  the  same  sort 

LAstly,  Hct  on  the  pivot  one  of  the  glass  rods  mbbed  with  silk,  and 
bold  near  it  one  of  the  ebonite  rods  rubbed  with  for :  the  glass  rod 
will  bo  tUtracted.  Or  set  on  the  pivot  one  of  the  ebonite  rods 
nibbed  with  far,  and  hold  near  it  one  of  the  glasa  rods  rubbed  with 
silk :  the  ebonite  rod  will  bo  atiraeUd.  Here  we  have  instaneea  of 
one  electrified  body  attracUng  another  electrified  body. 

These  acttoos  are  extremely  important,  and  may  be  sommarised 
thns: 

Two  glass  rods  nibbed  with  silk  rtpd  one  another. 
Two  ebonite  rods  nibbed  with  fur  repel  one  another, 
A  glass  rod  nibbed  with  silk  and  an  ebonite  rod  rubbed  with 
for  aUract  one  another. 

1&  Two  Kinds  of  Electrification.    Now  lot  us  follow  up  those 
experiments  and  see  what  we  can  luam  from  them.    V' 
gbuis  rod  rubbed  with  silk,  and  call  it  A.    Than  a  glaas  n> 
with  silk  rtpd9  A,  while  an  ebonite  rod  rubbed  with  for  aUracu  A 
Since,  then,  the  gkss  rod  nibbed  with  silk  and  the  eboaile  nxi 
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nibbed  with  fur  behave  differently  towards  one  and  the  samo 
thing,  A,  they  must  be  in  diffrrent  dtctrieal  condition* ;  in  other 
worda,  the  electrificationa  on  them  are  in  Romo  way  different, 
though  in  t#Aa<  way  we  cannot  so  far  tell.  Further,  since  a 
pair  of  glass  rods  rubbed  with  silk  repel  each  other,  and  a 
pair  of  ebonite  rods  rubbed  with  fur  do  the  same,  while  one 
glass  rod  rubbed  with  silk  and  one  ebonite  rod  rubbed  with 
for  attract  each  other,  we  learn  that  bodies  in  similar  or  like 
electrical  states  repdt  and  bodies  in  dissimilar  or  urUike  electrical 
states  ottraeL 
The  experiments  therefore  teach  us  two  things,  viz. — 

(1)  There  are  two  different  kinds  oj  electrijication. 

(2)  Bodies  possessing  like  dectrificatums  repel,  those  possessing 
unlike  electrifications  attract. 

We  must  be  very  careful  to  note  that  the  experiments  teach  us  no 
more  than  this ;  we  have  no  right  to  infer  that  there  are  two  kinds 
of  electricity— 6\\  we  can  say  is  that  there  are  two  ways  in  which  the 
electricity  can  manifest  itself. 

We  can  now  explain  why  the  pith  ball  is  repelled  after  touching 
the  electrified  rod  :  it  is  because  it  receives  by  contact  an  electrifica- 
tion of  the  same  kind  as  the  rod.  But  this  only  carries  us  one  step, 
for  whtj  two  similarly  electrified  bodies  repel  or  two  dissimilarly 
electrified  bodies  attract  nobody  knows. 

The  second  of  the  above  propositions  is  frequently  enunciated 
thus  ; — Like  electrifications  (or  charges)  repel,  unlike  attract. 

The  kind  of  electrification  that  exists  on  a  glass  rod  rubbed  with 
silk  is  termed  a  positive  electrification  or  a  jx)sitive  charge,  that 
on  an  ebonite  rod  rubbed  with  fur  a  negative  electrification  or 
fuegative  diarge.  We  shall  see  in  §  26  that  these  terms  are  very 
^>propriate  ;  for  the  present  we  regard  them  as  mere  names.  The 
expressions  jtositive  electricity  and  negative  electricity  were  frequently 
used  by  the  older  writers,  and  are  still  sometimes  met  with  ;  but  it 
is  best  to  avoid  their  use,  as  they  seem  to  commit  us  to  the  notion 
that  there  are  two  kinds  of  electricity. 

BUB0I8l:~A  pith-ball  tospended  by  a  silk  thread  is  t<  n  )i'  !  )<\  a 
negatively  charged  ebonite  rod;  the  latter  is  then  taken  awav  atil  a 
positively  charged  glass  rod  held  near  the  ball :  state  and  exf-Iain  what 
will  happen. 
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eharged  gkit  rod,  baUuice  it  oo  a  pifoi  ftod  bold  mat  U  a  im^bHhIj 
ehargod  oboiiito  rod,  it  will  be  mUrueitd,  Bm  now,  UuHmd  ol  tb« 
ebooito  rod,  lot  ni  Uke  a  nrutrAl  body ;  dm  on  boldiag  ii  naar  tlM 
glaM  rod,  ibeUttor  will  again  bo  oMroeliil.  Uaneo,  if  wn  bold  Mnr 
Um  gbuH  rod  a  body  wboae  alectrieal  eonditioo  wo  do  nol  know,  and 
find  Ibat  it  is  aUraeUd^  we  aro  left  in  doubt  ai  to  wbetbar  tbe  body 
waa  originally  negatively  eleetrified  or  neutral.  Tbere  ia  notbing 
•orpriaing  in  tbia  wben  wo  remember  tbat  tbe  inductive  action  ({  A) of 
tbe  glaie  rod  modifiea  tbe  itato  of  tbe  body,  to  tbat  wbat  it  dom 
w4an  il  m  imot  Ue  ml  ia  no  soro  test  of  iU  itate  %fkm  ii  nof  «My 
firom  it  But  tbere  ia  a  itill  mora  atriking  instanoe  of  tbii.  If  we 
take  two  glaea  roda,  one  very  itrongly  and  tbe  otber  very  feebly 
eleetrified  by  robbing  witb  lilk,  pUce  one  on  a  pivot  and  bold  tbe 
otber  near  it,  we  iball  find  tbat  tbey  attract !  Now,  tbie  looka  like  a 
flat  contnuiictioD  of  the  Uw  tbat  similarly  electrified  bodiea  repel ; 
but  bere  again  we  must  remember  that  we  have  inductive  action : 
the  feebly  electrified  rod  is,  before  tbe  otber  ii  brought  near,  nearly 
neutral,  and  the  influence  of  the  stronger  one  ao  much  modifiea  ita 
state  as  actually  to  overcome  the  effect  of  iU  original  eleetrificataoo. 
So  tbat  wbanever  a  positively  electrified  body  attracts  one  wbkb 
hf/cre  it  mat  hromffki  near  was  either  neutral  or  positively  eleetrified, 

^^  beoaoae  tbe  very  fact  of  bringing  it  near  otteriy  alters  ita 
i  iiial  condition,  in  other  words  tMe  very  UH  appli^  alUr$  AU 
'-haraeter  of  the  tkmg  to  be  Ueted,  Tbere  is  therefore  no  eonttndie- 
tion.  Of  course,  all  tbeee  remarks  apply,  muiatie  mtiiemdie,  to 
negatively  electrified  rods.  And  they  lead  to  a  very  obvious 
practical  conclusion  :  vis.,  that  the  mere  attraction  of  a  boidy  by  one 
having  known  electrification  givee  us  mo  rriiabU  i^/ormaii€t^  aa  to 
the  electrical  state  of  the  Ixniy  we  are  examining,  or,  aa  it  ia  generally 
ozpreeoed,  attrmetitm  u  no  test  of  eitetri/eaiioH. 

But  suppose  we  set  on  the  pivot  our  gksa  rod  which  baa  been 
rubbetl  with  silk  (and  is  therefore  poaitively  electrifiedX  bold  near 
It  a  body  whoee  electrical  state  we  do  not  know,  and  find  tbat  it  is 
t-eptUed,  What  does  lAaf  tell  us  t  Well,  the  body  nnder  eiamination 
deariycar  -•>  it  was  brought  near  tbe  rod  have  been  Mfa- 

tively  elect  r  then  it  would  be  attracted.    Neither  can  il  knve 

been  nentral,  for  then  it  would  also  have  been  attracted.  Tk&r^fifn 
ii  must  have  been  poeitiiYlv  rfrrtriii^     Similarly  if  it  had  repelled 
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an  ebonite  rod  nibbed  with  fur  it  ini»t  have  been  negatively  clcctri- 
6ed.  Here,  then,  we  have  a  sore  and  certain  test :  thf  rrpulsion  of 
a  body  by  on  eUetrified  rod  $howi  that  the  body  ariguMlly  poues$ed 
the  9ame  kind  of  Htetrifieatum  at  the  rod. 

20.  How  to  Test  a  Body.  Practically  the  condition  of  a  body 
nmy  be  tested  aa  follows  :— Wo  take  a  positively  electrified  glass  rod 
on  one  pivot,  a  negatively  electrified  ebonite  one  on  another  pivot, 
and  a  neutral  pith-ball  electroscope  ;  those  three  being  placed  some 
distance  apart  to  prevent  any  appreciable  inductive  action.  We 
then  take  the  body  under  examination— ^.(7.,  an  insulated  metal  ball— 
and  bring  it  near  the  pith  ball :  if  the  latter  docs  not  move,  the  body 
is  neutral,  and  we  need  go  no  farther.  But  if  the  pith  ball  moves 
the  body  is  electrified,  and  we  then  use  the  rods  to  find  out  the  kind 
of  electrification  :  we  try  first  one  rod  and  then  the  other.  The  body 
can  never  repd  hath  :  what  usually  happens  is  that  it  repels  one,  and 
we  then  know  that  its  electrification  is  of  the  same  kind  as  that  of 
the  rod  repelled.  If  it  should  attract  both,  which  does  not  often 
occur,  we  know  its  electrification  is  weak,  but  are  left  in  doubt  as  to 
its  kind  ;  it  is  in  that  case  sometimes  recommended  to  bring  the  body 
gradually  up  to  first  one  rod  and  then  the  other  from  a  distance,  so 
as  to  try  and  catch  the  repulsive  eflfect  before  the  inductive  action 
becomes  strong  enough  to  overcome  it,  but  in  practice  this  does  not 
work  very  well.  Sometimes,  in  place  of  the  rods,  two  pith-ball 
electroscopes  are  employed  of  which  the  balls  have  been  electrified 
by  contact,  one  positively  and  the  other  negatively.  But  in  neither 
case  is  the  method  so  delicate  as  could  sometimes  be  wished,  and  it 
is  better  to  use  the  gold-leaf  electroscope  as  explained  in  §  30. 

81.  Electrification  of  Sundry  Bodies.  Suppose  we  now  take  any 
body  at  random,  and  rub  it  with  any  rubber  at  random,  we  can  by 
§  SO  find  out  the  kind  of  electrification  it  acquires.  We  should  thus 
find  such  results  as  these  :— 

Sealing-wax  rubbed  with  flannel  becomes  negatively  electrified. 

Wood  ft  «i  n  >«  «  « 

Pfcper  „  „     fur  „ 

Glass  n  n        tt  w  ♦» 

jRasin  „         „     cloth         „  „ 

Paper  „  „     india-rubber  becomes  positively  electrified. 

An  apple         „  .,     gun-cotton  „  „  „ 
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We  iImU  Alio  flnd  tluU  a  pke>  ol  nw^  or  "fi  iiMml*  gliw  nibbtd 
with  tUk  beconM  BifAtivdijr  •laetrUUd.  Wban  w«ipMkola**fflMii 
rod  "  wo  «Jwmjn  mmn  ovdiMry  imooCk  fb»  imlMi  Um  eootitfy  m 
■latoa.  A  kind  of  rabbw  •omUiBWi  umd  it  HMMia  Iqr  flMsriflC  a 
piMo  of  silk  with  a  pMlo  cwiihfim  ol  tin-foil,  MMtonroiid  iwia- 
oiDtBMot  ground  np  tofBthtr ;  thii  poile  it  enllod  timh iv  tmwigmm, 
and  a  rubber  thus  prtpared  is  caljed  awytigotnaimi  tUk,  AlflMMt 
anything,  even  tbonite,  when  mbbed  with  thia  beeomai  pomtimlp 
alaetrifiad ;  and  alnort  aoythii^  otan  glaaii  whia  nbbad  witli  for 
beoomea  nagatiTely  electrified. 

II  ia  clear  from  all  thii  thai  the  kind  of  electrification  acqiiiiod 
bj  a  body  dependa  not  only  apon  the  bodbr  itaelf.  bol  alio  npon 
the  rubber. 

n.  How  to  Electrify  a  Conductor.    The  following  eaee  it  of  grtal 

coppmr,  €tc)  btoomm  poMftdy  dtdri/Ud  wkm  rmbhmi  witk  imdia- 
mUrnr,  amd  mtgaUifd^  wkm  rtAhed  wiik  fur.  We  thna  have  a 
pvactieal  method  of  electrifying  oar  metal  balls,  rode,  etc,  either 
poeitivdy  or  negatively.  The  beet  way  is  to  hold  the  for  or  a  sheet 
of  thin  india-rubber  in  the  left  hand,  and  with  the  right  beat  the 
metal  sharply  against  it,  taking  care,  of  course,  not  to  earth  it  by 
allowing  it  to  touch  the  fingera.  One  stroke  agsinst  the  fur  or  three 
sgainst  the  india-rubber  are  generally  enoogh  to  prodnee  a  fair 
electrification  If  the  conductor  to  be  electrified  be  not  conveniently 
movable,  we  may  electrify  one  of  our  balls  in  this  way,  and  transfer 
the  electrification  to  it  by  contact  (§  15X 


QUEanoKS:— 1.  An  Iron  rod  (moonted  on  an  ebonite  handle)  Is 
with  iodii^robber  and  beU  near  so  ebooiu  rod  whkh  has  been  tabbed 
with  amslgsmsted  silk  and  which  is  balaaoed  on  a  plvoc    Wkat  wiU 


2.  A  negatively  electrified  ebonite  rod  Is  bakaced  on  a  pivot,  and  a 
neatnU  bnus  ball  plaoed  near  It :  what  happeaaf 


*  In  all  oeestSons  of  this  kind  It  U  Intemlcd  thst  the  nstorml  sctloo  or 
eaeh  electrified  body  Is  fttronff  enoogh  to  have,  so  to  speak,  ite  own  wmj, 
«nd  not  to  be  overeoaie  by  Indnction. 
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83.  Both  Kinds  of  Electrification  produced  at  the  Same  Time. 
Take  a  piece  of  fur,  A  (a  camel-hair  brush  is  more  convenient),  and 
mount  it  on  an  ebonite  handle,  and  also  take  a  neutral  ebonite  rod,  B. 
Havo  ready  a  positively  and  a  negatively  electrified  rod,  each  balanced 
on  a  pivot  Rub  one  end  of  the  ebonite  rod  B  with  the  insulated 
bmsh  A,  and  afterwards  separate  them.  Hold  B  near  the  negative 
rod  on  the  pivot :  it  will  be  repelled,  showing  that  it  is  negatively 
charged,  as  we  already  knew.  Then  hold  the  brush  A  near  the 
positive  rod  :  it  will  be  repelled,  showing  that  the  brush  i$  potitivdy 
charged. 

Thus  the  ebonite  and  the  brush,  when  rubbed  together,  both 
acquire  electrification,  but  of  opposite  kinds.  Now,  the  same  thing 
happens  in  every  case,  as  can  be  shown  by  similar  experiments,  using 
other  substances  and  other  rubbers.  The  only  reason  for  insulating 
the  rubber  is  because  most  rubbers  belong  to  the  class  of  partial 
conductors  (§  13),  so  that  unless  insulated  mo.stof  their  electrification 
passes  into  the  earth  and  it  is  difficult  to  detect  it.  It  should  be 
noted,  too,  that  whenever  two  exactly  similar  substances  are  rubbed 
together,  neither  of  them,  as  a  rule,  becomes  electrified.  The  con- 
clusion may  therefore  be  stated  thus  :—  Whenever  by  rubbing  together 
two  bodies  one  of  them  becomes  electrified,  the  other  always  becomes 
electrified  at  the  same  time  btU  in  the  op})osite  tpay. 

BXSBCISES  : — 1.  A  piece  of  india-rubber  (which  is  a  good  insulator)  is 
Died  to  beat  an  iron  rod,  and  is  then  held  near  a  pivoted  glass  rod  that 
hM  been  robbed  with  silk.    State  and  explain  what  happens. 

8.  A  brass  rod  is  balanced  on  a  nceillo  point  which  is  mounted  on  an 
ebonite  rapport,  and  is  stroked  with  a  camel-hair  brush.    After  this  the 
brash  is  first  de- electrified,  then  insulated,  bru.'«hed  over  a  dry  glass  bottle, 
and  held  near  the  brass  rod.    State  and  explain  what  happens. 

24.  Frictional  Order.    Now  look  at  this  list  :— 

1.  t'ur.  11.  Glass  (rough). 

2.  Wool  (flannel,  cloth,  etc.)  12.  The  hand. 

8.  Wood.  13.  Common  metals. 

4.  Shellac.  14.  India-rubber. 

».  Besin.  16.  Amber. 

6.  8ealing-waz.  16.  Sulphur. 

7.  GUm  (smooth).  17.  Ebonite. 

8.  Ootton.  18.  CJutU-pcrcha. 

••  Paper.  19.  silk  (amalgamatc<l). 

10.  Silk  (plain).  20.  Gun-cotton  or  Collodion, 
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Tb«M  raltfUooM  are  arrangod  In  whu  U  tocMilaiM  mllod/W«f  ««««i  •r^/ } 
and  tbepoioi  U  that  If  aaj  two  of  Ums  be  rabbad  tcftibar,  IW  oea  k$fkftt 
la  iba  lift  bacooMa  alaotriflad  jmili^flg,  and  tba  oaa  l»m«l  a<yartarff. 

It  •booM  ba  aoUoad,  bowatar,  thai  In  MoiDe  eaata  Iba  ratalu  aia  ratbar 
aneartalo,  on  aoeoont  of  vaHatloiM  la  ditrraol  •pad  ■ana  of  Iba  iwaiartalt. 
Bat  Ibara  b  no  aacartaioty  aboat  tba  ataadud  oaaaa  of  ftaat  rabbad  witli 
•ilk,  ebcinlia  witb  far,  aad  melal  witb  far  and  wiih  todia-fmbbai; 

a&ThoTwoIlMtrilloatioas  VtatnOiMliiaOlte.  WtMit 
DOW  reeunia  the  conaidcmtioo  of  f  S8,  and  wa  will  begto  bgr  addiAf  a 
freah  ozperiineot  Take  the  roountad  bnuh  A  aiid  iba  ebonite  rod  B» 
and  aee  tbat  everything  to  begin  with  ta  neutral  Hold  tbo  ebonite 
rod  by  one  end  and  rub  the  other  with  the  bru^h,  but  <h  moi  $ipanHt 
tkem.  Bring  them  both  together  near  the  pith-ball  clectroaeopa : 
tWa  will  be  m>  moTement  Now,  wa  know  by  (  i3  that  tbo  abonHa 
it  oegatirely  and  the  brush  poaitiTaljr  elaetrifi«^  ;  thia  new  aipari- 
ment,  therefore,  teUa  ua  that  lAtf  ttto  eledri/featioiu  nminUim  ona 
(inothn',  in  other  words,  the  ebonite  Mid  bmah  taken  at  a  wholo  ajrt 
not  flectriAed,  thoy  are  nmiml* 

A  like  result  is  observed  in  all  eaaea.  If  we  rub  an  insalatad  braaa 
ball  with  an  insulated  brash,  the  two  together  will  not  affect  the 
electroscope,  though  either  separately  will  do  ao.    (See  also  f  5ft.) 

BZBBOlsa:— An  ebonita  rod  ia  •oppliod  with  a  flannel  cap  aboal  an 
Inch  loiy,  wbich  fit«  orar  one  and.  Boand  tba  flaaoal  is  woond  a  piaoa  of 
•Iroog  dik  thread,  witb  aboot  foar  inches  hanging  kwea.  A  paiaoo  beUa 
iba  rod  ia  hU  left  hand  aad  the  looaa  and  of  the  »llk  in  bis  rigbt,aiid  taraa 
tba  flannel  cap  seveial  Uaaa  roond.  Tba  rod  witb  the  cap  on  It  it  Ibaa 
bakl  near  tba  pitb«ball  cleotrotcope :  what  will  happen  t  Tba  •aoaal  cap 
is  than  taken  off  (the  silk  tl.read  only  beli«  loacbedX  sod  it  aloaa  bald 
near:  what  will  liappen  f  Tba  oap  ia  then  aqooaiad  in  the  flagan,  agaia  pal 
on  tba  nbbcd  and  of  tba  rod  aad  tba  two  baU  near :  what  will  bow  bappaat 

18.  Eleetrieity.  One-Fluid  Theory.  Wehavenowtoflkientexperi- 

mental  evidence  to  enable  us  to  form  soaie  idea  of  the  nature  of 

and  of  what  happens  to  it  when  bodies  are  electrified. 

I cace  in  question  consists  of  these  three  facts  \— 

1.  There  are  two  kinds  of  electrification. 

%,  When  one  is  produced  (by  friction)  the  other  ia  produced  at 

the  same  time. 
8.  They  are  produced  in  such  a  way  as  when  taken  tQgaCbv  to 
neutralise  one  another. 
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To  thiB  may  be  added  that  whenever  two  electrifications  of  the  same 
kind  are  given  to  the  same  body  they  increase  each  other's  effects, 
whereas  when  two  of  different  kinds  are  given  they  always  neutralise 
each  other,  at  any  rate  partly.  This  is  a  minor  iK)int.  It  may, 
however,  be  noticed  that  the  fact  that  the  two  electrifications  always 
tend  to  neutralise  one  another  is  sufficient  to  justify  the  terms 
potUive  and  nrgativr :  if  wo  place  a  positive  electrification  on  a  Ixxiy 
and  then  a  negative  one,  the  latter  act  is  equivalent  to  subtracting 
more  or  less  of  the  positive  one ;  hence  the  terms  positive  and  negative 
have  the  same  kind  of  meaning  as  the  sign  +  and  -  in  algebra. 

But  now  to  our  main  point.  What  is  at  any  rate  one  reasonable 
way  of  regarding  two  things  which  can  neutralise  each  other  ?  It  is 
to  look  upon  one  as  caused  by  an  excess  of  something,  and  the  other 
by  a  de/icit  of  that  same  something.  I^t  us  then  picture  to  ourselves 
every  body  in  its  ordinary  or  neutral  state  as  containing  a  stock 
amount  of  something,  and  let  us  call  that  something  electricity 
(of.  §  11).  Let  us  further  picture  a  freely  and  i>o8itively  electrified 
body  as  containing  more  than  its  stock  amount— 1.«.,  as  excess  of 
electricity  ;  and  a  freely  and  negatively  electrified  one  as  containing 
leu  than  its  stock  amount— 1.«.,  a  deficit  of  electricity.  Then  we  shall 
have  a  reasonable  view  of  things,  and  one  that  will  carry  us  a  long 
way  in  the  explanation  of  facts. 

At  the  outset  this  view  enables  us  to  assign  a  distinct  meaning 
to  the  term  charge.  By  a  positive  charge  is  to  be  understood  the 
excess  of  electricity  on  a  body  over  and  above  its  stock  amount,  and 
by  a  negaiive  charge  the  deficit  of  electricity  on  a  body  below  its 
stock  amount.  Thus  electriJiccUion  and  cfiarge  do  not  convey  exactly 
the  same  idea :  the  former  is  a  mere  name  for  the  condition  of  an 
electrified  body,  while  the  latter  is  that  to  which  this  condition  is 
due.  And  to  guard  against  future  mistakes  it  should  be  noticed 
that  it  is  only  free  electrifications  which  can  properly  be  regarded 
in  this  way,  for,  as  will  be  seen  in  §  49,  a  body  under  inductive 
influence  may  exhibit  electrification  simply  as  the  result  of  some  of 
its  electricity  being  displaced  from  one  part  of  it  to  another. 

In  §  1 1  we  saw  that  electricity  could  flow  through  conductors. 
And  because  it  can  thus  flow  it  is  called  a  fluid.  Ikyond  that  we 
know  next  to  nothing  about  it:  it  resembles  no  known  material 
fluid,  such  as  water  or  air.  Most  probably  it  is  some  form  of  the 
ether  which  fills  all  space  and  is  mixed  up  with  all  matter.    It  has 
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no  weight,  and  w«  eumoi  gel  liold  of  it  to  m  to  mmma%  it  by  tiM 
cubic  inch  or  pint.  We  mn  only  itiidy  iu  effacUi  mm!  mwnnni  tu 
amount  indirectly  therefrom.  Moreover,  we  hare  no  knowledge  of 
the  a€0uai  amoumt  of  aleelridtj  in  any  body ;  all  we  ean  deal  with 
te  metmm  or  d^/kiUt  le^,  dkwpea 

The  ideaa  herein  set  forth  conttttnte  what  it  known  at  the  o«#- 
'fw^tf  cAeory  of  electricity.    1 1  wat  originally  propounded  by  Beigaaiitt 

ninklin  about  the  middle  of  the  eighteenth  eeotnry. 

37.  PreTiout  Biperiamiti  viewed  in  the  light  of  tht  OM-Ftadd 
Theory.  Tbu  fundamental  factt  of  electrical  attraction  and  repolaion 
have  not  yet  been  expUuned  either  by  the  one-dnid  or  any  other 
theory.  But  apart  from  thit,  tereral  other  faeta  which  we  have 
learned  can  be  readily  aooonnted  for. 

Gonaider  for  example  the  following  oaeee  :— 

1.  TVkke  a  potitiTely  electrified  conductor ;  it  containa  an  eaneat  of 
eleetrieity  which  oonttttutet  its  potitive  charge.  Now  earth  it,  tkt 
atom  etcapm  io  earlh  (cf .  {  9). 

8.  Take  a  negatively  electrified  conductor ;  it  containt  a  deficit 
of  electricity  which  constitutea  its  negative  charga  Now  earth  it, 
then  fiectricity  runt  into  it  from  lAe  eorf^  making  good  the  deficit 
(cf .  §  9X 

RKMAnKs.— We  must  regard  the  earth  as  a  vast  ttorebonee  of 
fl'  '  '  whenever  an  electrified  conductor  it  earthed,  a  small 
(|  i .  :  electricity  is  imp9Urted  to  or  taken  from  the  earth,  but 

on  accuuui  of  the  enormous  sise  of  the  earth  compared  with  that  of 
any  of  our  conductors,  this  makes  no  appreciable  difference  in  the 
earth's  stock. 

When  electricity  passes  from  a  body  to  the  earth  this  is  properiy 

xpreeted  by  saying  a  positive  charge  passes  to  earth ;  and  when 
ilectridty  passes  Jrom  the  mrth  io  a  hody^  as  in  Gate  8  above,  thit 
is  conveniently  expreesed  by  saying  a  negative  charge  pamm  to  emriL 


QtrarrioM :— BxpUin  electrification  by  oontaol  aooordiag  to  the  oiie.fiaM 
theory. 

S.  Beat  an  insnkted  metal  ball  with  india-rubber.  Eaeh  to  begin 
with  contains  its  stock  amount  of  electricity.  The  result  of  the 
Iteating  is  to  transfer  some  of  the  electricity  out  of  the  india-rubber 
into  the  ball,  to  that  the  latter  acquires  a  positive  charge  and  the 
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former  a  negatiYe.  And  whenever  we  rub  two  things  to^'other  any 
electricity  imparted  to  one  muat  be  taken  from  the  otiier,  hence  the 
two  electrifications  always  appear  together,  one  on  the  Inxly  rubbed 
and  the  other  on  the  rubber.  Moreover,  thf  amount  taken  from  one 
muU  he  equal  to  that  given  to  the  other :  in  the  two  together  there  is 
neither  excess  nor  deficit  (of.  §  2')). 

28.  Dielectric— Electric  Field.  Consider  an  elect  ri  tied  l)ody,  A, 
surrounded  by  air,  and  let  a  body,  B,  l>e  placed  nejir  it  without  touch- 
ing ;  then  B  experiences  a  force  which  may  be  attractive  or  repulsive 
according  to  circumstances.  In  the  early  days  of  the  science  it  was 
customary  to  regard  this  force  as,  so  to  s|»eak,  jumping  from  A  to  \\ 
with  nothing  to  help  it ;  but  modern  investigations  have  shown  this 
view  to  be  wrong,  and  that  the  air  plays  an  important  part  in  the 
transmimon  of  the  force^  though  in  what  way  it  acts  we  do  not 
exactly  know.  If  between  A  and  B  we  put  a  plate  of  unelectrilied 
glass,  paraffin-wax,  ebonite,  or  any  other  insulator,  B  still  experiences 
the  attractive  or  repulsive  force,  although  the  magnitude  of  the 
force  is  more  or  less  altered.  Thus  all  insulators  are  cajxiMe  of 
trangmiUing  electrical  force.  And  as  we  shall  learn  later,  it  is  not 
only  force^  »>.,  mechanical  attraction  or  repulsion,  which  they  can 
transmit,  but  the  influence  termed  electrical  pressure  or  potential 
(Chap.  II.X 

When  an  insulator  is  regarded  as  a  medium  for  the  transmission 
of  any  kind  of  electrical  influence,  it  is  termed  a  dielectric ;  thus  a 
dielectric  is  the  same  thing  as  an  insulator,  but  the  two  names  refer 
to  diflferent  properties  of  it.  The  word  insulator  denotes  that  it  does 
not  allow  electricity  tojhw  over  or  through  it ;  the  word  dielectnc  that 
it  doe»  allow  electrical  influence  to  be  trammitted  across  it^  and  itselj 
plays  an  actual  part  in  conveying  that  influence. 

The  whole  region  round  about  an  electrified  body  or  set  of  such 
is  called  an  deetrie  fldd.  The  strength  or  "  intensity  "  of  the  field 
in  general  decreases  rapidly  as  we  recede  from  the  electrified  bodies, 
and  in  ordinary  cases  becomes  practically  inappreciable  at  a  distance 
of  one  or  two  feet 

BxXBCiSB : — An  electrifled  brase  ball  is  placed  in  a  dry  anelectrified  glass 
tnbe  and  held  near  a  nentral  pith-ball  saspended  by  a  silk  thread :  how 
fHtl  tho  yMMwhall  belMver 
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8CIIMAKT  OF  MOST  IMFOBTA.VT  VOUm  IN  CBAITBB  I. 
1.  Dlitiaotloa  betwMa  MUtiri/htiim  and  MUgirMif  (ff  1, 18). 


1  DbtlBOlloa  beHroMi  IHif  aiid  Htlmetd  BoelHieiUioa  (f  By. 

a.  DtetlooUoo  betwMS  eWiMlii«<M«  And /M«Atf«rf  (f  8). 

•I.  Ttw  ohAifi  M  «  comdmeVtr  doM  not  p«Mii»te  into  iU  BWtertol  (f  IIX 

6.  L««  of  attnicUiia  Aod  rapoldoo— vis^  JUA#   t9mh\^mihm   r9f9i, 
Mitrmtt  ({  18). 


8.  Mod*  of  oleetrifjrfaif  eoodooiors  pmolloally— Hi^  bj  tmllf  vitli 
tidU>nibber  for  positiw,  and  with  for  for  nogstiw  (f  tS). 

7.  8im«llwMoat  pcodvotioB  of  Ibt  two  ki«U,  m  m  lo  ■MtiaUn  «mIi 
o(bar(H»lU). 

8.  Tk0  Ome-Jlmid  Tkmry.  Bwy  body  in  «  naatnU  tUU  eooUiaa  a  iCoek 
•moani  of  efectriciij.  A  pcsitlvo  ohargo  U  an  csomi  of  elMlrldtj,  and  a 
negaiiTo  a  dafloii.  Knot  vignifloanoa  of  tba  term  ckmtf§  as  diatiafakbad 
from  tUetf^Utiimi.  What  we  49  and  what  wo  1I9  a«f  moan  br  gpitalrtng  of 
aloctricity  a«  a  **  fluid.'* 

9.  The  earth  a  vaat  rtoreboaaa  of  alactricity.  What  luippcnii  whin  we 
earth  a  freely -charged  oondactor  (1)  if  poeitivc,  {'*)  if  mi^tivc.  Kxplana- 
tkw  by  the  ona^fluid  theory  of  elaotrifloatioD  by  oootact  aod  by  friction 

10.  A  dUUetrie  permiU  of  tlMtrietU  i^ftmno§  Mm§  trmumitttd  mm^  it, 
hot  not  of  electricU^  Jhtcimf  tknmgh  it  ($  28). 


1X1BCI8B8  ON  CHAFTBR  L 

1.  When  a  piece  of  sealing-wax  and  a  piece  of  dry  flannel  are  rabbed 
together  one  beoooee  pocitiTely  and  the  other  negatively  eleoliifled.  Wbea 
a  piece  of  dry  paper  and  a  pieoe  of  india>rtibber  are  nibbed  togatber  ooa 
becomes  poeitively  and  the  other  negatively  elaotrified.  Bow  eoald  yoa 
find  oat  which  of  the  four  thiagi,  eealing-was,  flaanal,  paper,  iwUa-nibbfr, 
are  in  the  wuna  alaetrical  etata  ? 

1  Arrange  the  following  anbatanoae  in  the  order  of  tbair 
power*  for  electricity,  putting  the  name  of  the  beat  oondactor  flrat 
copper,  glam,  iron,  water,  wood,  fur,  silk. 
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8.  A  pith  ball  it  raspended  from  a  metal  itand  by  a  fine  thread.  If  you 
luive  a  ftroagly  eleotrifled  glan  rod,  how  can  you  find  out  whether  the 
thread  it  a  ooodnctor  or  oon-oondaoior  of  electricity  ? 

4.  State  the  disadvantages  of  glass  as  an  insulator,  and  doecribe  the  best 
means  of  overcoming  them. 

6.  Two  pairs  of  light  pith  balls  are  hung  at  the  opposite  ends  of  an 
intnlated  conductor,  one  pair  being  tutpended  by  silk  and  the  other  by 
oottoD  threadt.  Describe  and  explain  the  behaviour  of  the  balls  if  the 
oondactor  it  gradnally  electrified  more  and  more  strongly. 

6.  State  clearly  the  evidence  for  the  opinion  that  there  are  two  kinds  of 
electrification. 

7.  Write  a  short  essay  on  the  one-fluid  theory  of  electricity,  and  explain 
in  accordance  therewith  (1)  the  positive,  (2)  the  negative  electrification 
of  a  conductor  by  contact.  Explain  also  the  discharge  of  (1)  a  positively, 
(2)  a  negatively  electrified  conductor. 


CHATTEK  n. 
POTKXTUL. 

29  Preliminary  Considerations :  Presiore  of  Um  Air.  It  U  a 
iimttor  of  coininoii  knowlcii^c  that  the  air  exerts  presrara  In  an 
oniiiitiry  room  or  out  «tf  diMint  this  pressore  amottnts  to  about  \b\h. 
ut'iKht  (ui  rviry  s^iuare  inch  of  surface,  bat  varies  slightly  with 
i  ImiiK^'M  of  tlic  weather.  In  a  confined  spsee  sach  a  corked  bottle 
the  proivHun'  may  vary  much  more  and  depends  among  other  thtofs 
u|H>n  the  iiuantity  of  air  contained  in  the  spacer 

Any  iiiMtnuncnt  for  indicating  the  pressure  of  the  air  is  eaOed  a 
jJTuawrt  gauge.  Fig.  6  shows  a  simple  form ; 
it  consista  of  a  glass  tube,  APQSRB, 
bent  into  the  shape  shown  and  containing 
a  quantity  of  mercury*  H  Q  S  K.  The  ends 
A  and  B  are  open,  and  when  the  gsoge  is 
simply  ex]XMed  to  the  air  m  the  room  the 
mercury  in  both  limlNi  expcrienccii  the  same 
pressure  and  it  stands  in  both  at  the  same 
level,  H  K.  It  will  also  sUnd  at  the  same 
level  if  the  open  ends,  A,  B,  be  connected 
to  two  different  vessels  ai  equal  preuure*. 
But  if  the  pressure  in  the  one  attached  to 
A  be  greater  than  in  the  other,  the  mercury 
in  P  (^  will  be  forced  down  and  that  in  S  K 
up,  so  that  it  will  stand  at  different  levels,  H',  K',  aud  the  greater 
the  pressure  difference  in  the  two  vessels  the  greater  will  be  the 
difference  of  leveU. 


80.  Stndj  of  AB  India-mbber  Air-bag.  Now  let  us  more  aipfwsly 
consider  the  following  case.  Take  an  india-rubber  bag  (fi^  7)  fuU 
of  air  and  provided  with  a  slop-cock.    Turn  the  cock  on. 


84  KLlCTB08TATICft.  [Art.  80. 

care  not  to  press  the  bag,  then  maybe  air  will  flow  out  or  in  according 
to  circuniHtances.     When  all  flow  han  ccaAcd  the  bag  possesses  a 

cerUiin  definite  (piantity  of 

air,  which  we  will  cnll  its 

*'«t<H-k  nnio«int."    We  will 

uIko    speak     of     the     liag 

under  these  circumstances 

as  l>eing  **  neutral."     If  in 

any  8ul)sc(|uent  experiment 

j^  „  we  cause  the  bag  to  receive 

more  that  its  stock  amount 

of  air  we  will  call  the  excess  a  '*  positive  charge,"  if  less  we  wull  call 

the  deficit  a  "  negative  charge.*' 

Now  take  a  pressure  gauge  and  attach  the  "  neutral "  bag  to  it,  the 
mercury  will  stand  at  the  same  level  in  both  limbs  showing  that 
<A«  pmture  of  the  air  in  the  bag  is  the  same  as  in  the  room  outside. 

Next  give  the  bag  a  "  positive  charge  "  by  forcing  a  little  more  air 
into  it  and  again  attach  the  gauge,  the  pressure  of  the  air  in  the  bag 
will  be  found  greater  than  in  the  room. 

Lastly  give  the  bag  a  "  negative  charge  "  by  sucking  a  little  air  out, 
and  again  test  by  the  gauge,  when  the  pressure  in  the  bag  will  bo 
found  less  than  in  the  room. 

Now  take  two  bags  of  any  sizes  equal  or  unequal  and  charge  them 
to  different  pressures.  Connect  their  nozzles  by  a  piece  of  india- 
rubber  tube,  and  open  the  cocks.  Then  air  will  be  found  to  flow 
from  the  one  of  higher  to  the  one  of  loivei'  pressure^  and  on  afterwards 
testing  by  the  gauge  each  will  be  found  to  be  at  the  same  pressure. 
If  the  two  bags  to  begin  with  are  at  the  same  pressure  then  on 
connecting  them  no  flow  occurs  either  way  and  the  pressure  remains 
unchanged — in  short  nothing  whatever  hapjiens. 

In  the  case  of  a  bag  a  small  cliange  in  the  ({uantity  of  air  in  it  may 
materially  alter  its  pressure.  But  in  the  room  outside  we  cannot  by 
any  artificial  means  produce  alterations  of  ))ressure  because  the  air 
in  it  is  in  communication  through  doors,  chimneys,  window-chinks, 
etc.,  with  the  vast  mass  of  air  outside  and  such  small  (juantities  as 
we  can  add  to  or  take  from  it  can  have  no  efl'ect ;  such  alterations 
mick  only  come  about  slowly  as  the  result  of  weather  changes,  and 
Iherofore  during  any  experiments  we  may  make  with  our  bags  the 
rare    in    the    room    remains    o(m«<an^- equal    in    fact    to    the 
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MiBQspfaenc  prmmiiv  at  tb«  tiine  d  Urn  f«p9raD«Bi. 
tlnliMlMdof  <«o  Im^  we  uIm  only  ona  mmI  Imi  «i  tbnwek 
M  to  open  up  oomniuiitcmtloo  beiwewi  the  Air  in  it  tatd  in  tbo 
then  Just  tm  in  our  |irt>viaM  «nMriinent«  air  will  flow  from  or  into 
tbobnf  nfloovdiof  at  ibo  pfHwnre  in  tka  bttor  waa  abovo  orbalow 
the  almoaiilierie  |iruaMire. 

31.  Study  of  A  Chargod  Condnctor,  Xloetrieai  PrtMW*  m 
PotontiaL  We  have  Mon  (§11)  that  in  a  coodncCor  eleetnctty  flows 
rmuiiiy— it  behaToa  like  a  floid,  wliilo  in  inaulatow  il  doaa  nol  iow— 
It  bolMYW  like  a  solid.  Comparing  Umq  tiM  eominctoi  aad  tke 
air-bag.  we  ahall  legard  the  ekdridty  in  the  coodmilor  ae  eo^ 
reeponding  to  the  air  in  the  hag  and  the  electricity  in  the  aarronnding 
dieleetric  (genetally  the  air  in  the  room)  at  BorwipomHng  to  the 
indta-nibbor ;  Ihe  electricity  in  the  earth  eoneopooda  lo  the  air  hi 
the  room  outaide  the  bag.  Making  two  oomlBC 
.oaneeting  them  by  an  insukted  metal  wire  oorresponda  to, 
the  nosdee  ci  two  bagi  and  then  taming  the  oocka»  while  earthh^a 
^-oodnetor  cotreapoada  to  aimply  taming  on  the  oock  o^  a  bag  to  at 

•  open  ap  wwnmanimtion  belwean  the  air  in  it  and  in  the  room 


We  are  now  in  a  positioa  to  introdoce  what  is  perhaps  the  mosi 
important  conception  in  the  whole  range  oi  electrieal  scienee.  We 
know  that  air  exerts  presBQre»  and  it  is  eooosived  thai  sisutiieity 
ezertD  an  influence  bearing  the  sbbm  rektaoa  to  it  that 
to  air-  Uii«  influence  is  called  BImthctd  ISvum^  or 

It  !  !  Tt)  that  this  conception  is  of  the  greatest  poasible  ssnrios 
vi  ii  I  II  J  rlectrical  pheaomena;  it  is,  however,  adTisahle  at  the 
uutJiei  to  guard  against  a  possible  misnottnwplioa.  Air,  water, 
india-rubber,  etc,  are  all  forms  of  eiaUcr,  and  the  piemuie  whieh 
they  exert  or  is  exerted  on  them  is  ■"■"•*'»»»g  with  whose  natare 
every  one  is  familiar— it  is  simply  a  meehankal  force  like  a  pall  or 
a  pash.  Bat  electricity  ie  «o<  maUmr,  aad  what  the  aataia  of 
electrical  pleasure  amy  be  is  not  known ;  all  we  can  say  is  that  Jart 
as  mechanical  prsssurs  tends  to  move  matter,  so  eleetrioal 
or  |M)tential  is  an  infli^ence  which  tends  to  move  electricity. 

When  we  |mni|)  ezoess  of  air  into  a  **  neutral "  air-bag  we 
lU  preesure,  while  if  we  sock  some  of  the  air  out  wo  diminish  it.    In 
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like  manner  when  we  give  a  conductor  a  positive  charge  yxe  must 
picture  its  potential  as  being  increased,  and  when  a  negative  charge 
aa  diminished. 

If  we  open  the  cock  of  a  **  neutral "  air-bag  nothing  happens,  the 
reason  being  that  the  original  pressure  of  the  air  in  the  bag  wiu4  the 
Bsme  as  in  the  room.  Agiiin  if  we  earth  a  neutral  conductor  nothing 
happens,  and  as  we  Hhnli  more  fully  see  in  the  next  article  thi.s  is 
because  the  potential  of  all  neutral  conductors  is  equal  to  that  of  the 
earth.  Now  in  §  30  we  have  seen  that  the  pressure  of  the  air  in 
the  room  is  constant  during  any  experiment  we  may  make,  and  in 
•like  manner  on  account  of  the  enormous  size  of  the  earth  comimred 
with  our  apparatus  the  small  quantities  of  electricity  which  we 
impart  to  it  or  take  from  it  ciinnot  affect  its  electrical  pressure ; 
toe  may  therefore  regard  the  j)otential  of  the  earth  as  constant 
tkroughatU  our  experiments.  This  constant  value  is  said  to  be  zero  ; 
now  the  literal  meaning  of  "  zero  "  is  "  nothing,"  hut  it  is  not  meant 
that  the  earth  has  no  electrical  pressure,  all  that  is  intended  is  that 
the  potential  of  the  earth  is  our  standard  of  reference  just  as  on  the 
Centigrade  thermometer  we  speak  of  the  temperature  of  melting 
ice  as  zero.  Moreover,  just  as  temperatures  are  regarded  as  positive 
or  negative  according  as  they  are  above  or  below  this  temi)erature,  so 
are  potentials  regarded  as  positive  or  negative  according  as  they  are 
above  or  below  the  potential  of  the  earth. 

It  appears  therefore  from  what  has  before  been  said  that  positively 
charged  bodies  have  |)o.sitive  ixjtential,  negatively  charged  ones, 
negative  iK)tential,  and  uncharged  ones  zero  jK)tential ;  it  is,  however, 
very  important  to  note  that  in  the  present  discu.ssion  we  are  for 
simplicity  confining  our  attention  to  bodies  not  under  inductive 
influence  (§  :>)  :  we  shall  subsequently  learn  that  these  statements  are 
not  true  when  inductive  vi^/kience  comes  into  play  (§§  41-43). 

32.  Poiiton's  Principle.  In  §  30  we  have  seen  that  if  two  air-bags 
at  different  pressures  be  connected,  air  flows  from  the  one  of  higher 
to  the  one  of  lower  pressure  until  the  pressures  are  equalised,  while 
if  the  pressure  to  begin  with  were  the  same,  nothing  happens. 

Now  if  we  put  two  conductors  into  electrical  connexion  (either  by 
allowing  them  to  touch  or  joining  them  by  an  insulated  wire),  it 
is  found  that  a  flow  of  electricity  may  or  may  not  take  place  between 
Ibem  according  to  circumstances,  and  the  question  is  what  determines 
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thr  jlrnr.  Tho  tntwer  wm  finA  gi?«ii  by  MtMO  in  Iho  foUowiic 
thtM.niii,  which  U  prectJioly  MMUofoot  to  Um  om  for  Air-bifi  abofv 
mentioned  :~^'  tm>  eomhteton  ol  difnnmt  potmtiult  U  pmt  imio 
fUttrietU  90mmummHtm^  tUetrieU^  wiU  Jkm  from  Ikt  cm  rf  kigktr 
to  1M4  otu  qf  iamtr  poitniiai  wUU  Iktir  poUmiiiMU  btoomm  tfmi^  while 
(/  tktir  jnUmHaU  wmrt  ofml  to  Ugin  wiik^  tJkm  om  mmntttitig  iJktm 
noUUmg  wkai^mr  kappmu.  Thki  U  known  m  PoUmm'§  Primetidt ;  il 
in  the  fnndimentnl  prindple  oi  Electfoetntiet,  and  we  «hnU  have 
<  onitaot  ooauion  to  rvfer  to  it  in  «ulMc«|Utfnt  aiticleiL  Mora  briefly 
It  mt^  be  stated  thtu  \—Tke  poUntial  at  aU  parU  cf  a  eomdmeior  or 
of  any  nmnhtr  f^oomiwAon  in  eUdrieal  eommumicaiiom  it  Uk  mmtff 
it  being  ol  ootifee  ondentood  that  we  refer  to  the  potentlnl  after  the 
flow,  if  any,  ia  oompletd.  and  not  while  it  is  actuaUy  ooeurrinc* 

It  should  be  very  particularly  noted  that  Poiason's  Principle  b 
perfftUy  getmtU;  it  \h  tnio  under  whatever  drcnuMtancea  the 
conductors  are  phured,  and  whether  or  not  they  be  snbjed  to 
inductivo  influence ;  it  is  this  that  will  subsequently  be  foond  to 
give  the  principle  its  special  value.  Also  the  principle  holdup  noi 
merely  for  the  iiurface  of  the  conductor,  but  right  throughout  the 
conducting  material  If  the  conductor  be  hollow  like  a  tin  |iot  it  is 
true  for  the  inside  surface  just  as  for  the  ootnde,  tkt  poitmiiai  at  ail 
jiuinU  alike  om  ike  immsr  tmfam^  ike  outer  imrfaotfOmd  tk$  interior  «rf 
(Ae  wuiai  beimg  emetiy  ike  tmme, 

A  particohur  and  very  important  case  of  Poiasoo's  Prindple  is  when 
a  conductor  is  earthed  ;  in  that  case  electricity  flows  from  it  or  into  it 
according  as  its  potential  before  earthing  was  positive  or  ne^stive, 
and  iu  ultimate  potential  is  tero  ({  31).  In  other  words  tJke  potential 
of  an  tarthed  eondnetor  ie  iero. 

[If  the  conductor  be  not  under  inductive  influence,  this  will  mean 
that  it  is  discharged,  but  if  it  is  under  each  influeooe  it  will  have 
quite  another  meaning  ({  4A) .] 

It  should  be  carefully  noted  in  all  cases  what  dateraunes  the  flow 
when  two  conductors  are  connected  is  tkeir  potemtUln  mmd  mot  ikeir 
chargtt ;  if  one  of  the  conductors.  A,  be  large  and  the  other,  B,  snail. 


Tb«  UtenU  nsaaiag  of  the  term  SleetfOfTeKM  is  that  bnuwh  o(  tiM 
eakrwttb 


•oienoe  wbioh  dsakr  with  electrioi^  mt  rmL  Itwlierfsseeilsi  (Ptut  m.) 
tisab  with  eteotriiitv  In  moUoo.  sad  to  this  Pbisson** Pnociule  spoUss only 
m  to  far  that  cl  'Ws  from  the  coiuluctor  to  the  one  of 

lower  potential,  •  iktotu  which  will  bo  given  .  ho  flo 

not  stop  sad  the  poicuUals  never  becooM  equalised. 
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a  aniaU  free  change  on  B  may  give  it  a  higher  potential  than  a  large 
charge  will  give  to  A  ;  accordingly  when  they  are  connected  electricity 
will  flow  from  B>  the  one  of  higher  potetUial^  not  from  A,  the  one  of 
greater  cAon^. 

Poi8iion*M  IVinciple  in  in  general  not  true  for  iiiHulatorH  :  thuH  in  an 
electrified  elx)nit«  rod,  we  have  no  giiamntec  that  tlie  potential  in  the 
same  at  difl^erent  parts  of  the  ebonite. 

It  may  help  to  avoid  suboetiuent  confusion  to  note  that  when  two 
conductors  at  different  potentials  are  connected,  the  How  of  electricity 
from  the  one  of  higher  potential  to  the  one  of  lower,  eaxes  down  the 
electrical  pressure  of  the  former,  and  raises  that  of  the  latter,  so  that 
the  ultimate  common  potential  of  the  })air  is  intermediate  in  value 
between  the  original  separate  i)ot€ntials :  an  exception  to  this  of 
course  occurs  when  one  of  the  conductors  is  the  earth,  for  the  reason 
given  in  §  31. 

EXBBCISBS :— Explain  in  the  light  of  Poisson's  Principle  what  happens  in 
the  following  cases  : — 

(i)    A  neutral  coDdactor  is  earthed. 

(il)    Two  neatral  conductors  are  connected  by  an  insulated  wire. 

(lii)    A  negatively  charged  conductor  is  earthed. 

(iv)    A  positively  charged  conductor  is  connected  with  a  neutral  one. 

(v)    A  negatively  charged  conductor  Ls  connected  with  a  neutral  one. 
-    (vi)    Two  conductors  having  equal  positive  charges  but  unequal  poten- 
tials are  connected. 

(vii)    Two  conductors  having  unequal  positive  charges  but  equal  poten- 
tials are  connecte<l. 

33.  High  and  Low,  Strong  and  Weak  Potentials.  The  use  of 
these  terms  in  their  pro]>er  sen.se  will  save  much  confusion.  As 
explained  in  §  32,  when  two  conductors  are  connected,  electricity 
always  flows  from  the  one  of  higher  potential  to  the  one  of  lower- 
in  fact  this  is  whrii  we  mean  by  the  terms  "  higher  "  and  "  lower  "  : 
wo  lay  that  one  c<)nductor,  A,  has  a  higher  potential  than  another,  B, 
wiieD  electricity  tends  to  flow  from  A  to  B.  And  when  we  say  that 
A  has  a  itronger  potential  than  B,  we  mean  that  A's  iwtential  is 
Jwriher  removed  from  zero  t/uin  //«,  and  this  may  not  mean  that  it  is 
higher.  For  example  suppose  that  A's  potential  is  -  20,  t.^ .,  20  below 
aero,  and  B's  - 10,  then  A's  will  be  stromjer  than  B's,  but  at  the 
•ame  time  lowery  because,  if  A  and  B  be  connected,  electricity  will 
flow  from  ,BjoAj 
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U.  eold^lMf  Ikrtrot^jy,    Now,  Man  w  « 
we  miici  ooniiiler  ikh  inttnuMBl,  whkk  b  eiU— ily  iMfal  in  tk» 

tudy  of  electixMUUeiL  We  will  dteeribe  H  in  one  oT  iu  aodeni 
tonno,  in  which  it  is  free  from  the  defeeU  of  the  oM  fartitoned 
iniitnimenta,  eo  thet  it  will  do  all  that  they  did  very  niieh 
iHMiidoe  doiof  nuuiy  things  that  they  coold  not  do  el  elL    Ilk 

111  vertical  aoction)  in  figa  8  and  9,  which  lepffieml  ai 
ilevited  hf  the  preeeol  writer  aboal  three  yeare  ago.*    It 


Fie.  S. 


of  a  glaes  jar,  J  J',  • 
haac.  P  P,  the  rim 
braMi  pkte,  IM 
another,  Q  Cj',  u 
copper  wirea»PK,FH, 
of  tho  base  are  fitted  two 
rwur«etoPR,rr 
..  .-  *4  piece  of  rery  

'  InstnioieiiU  of  tl>. 
1 3,  PaienKMer  Bow,  Lonaoo. 


•ly.    All  rout 
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«Hwrter«  of  an  inch  square^  which  is  -.1.1.  r.d  <.n  to  tlie  plate  PP.    It 
will  thuA  be  fiecn  that  the  netting.  tJ>«    t^vo  j.liitcs,  and  the  binding- 
ro  nil  in  electrical  connexion,  h>  tlmt  they  are  olcrtricjvlly  one 
!mi     I   r     The  mouth  of  the  jar  is  fitte<l  with  an  india-rubber  bung, 
A  A',  in  the  middle  of  which  is  fixed  an  ebonite  plug,  and  through  a 
hole  down  the  centre  of  the  ebonite  paaaesa  brass  rod,  H  K,  which  is 
fixed  80  that  it  cannot  slip  down.    At  the  bottom,  K,  of  the  rod  and 
perjHjndicular  thereto  is  fixed  a  piece  of  brass  about  |  inch   long, 
^  inch  high,  and  )*«  inch  broad  ;  this  cannot  be  seen  in  the  diagram 
because  it  sets  i>erpendicular  to  the  plane  of  the  pai)er.    On  this 
piece  of  brass  are  gummed  two  gold  leaves,  L,  L',  one  on  each  side,  each 
leaf  being  about  |  inch  broad  and  1^  inch  long;  the  length,  however, 
should  be  such  that  when  they  are  stretched  out  horizontally  they  do 
not  reach  the  netting.     When  the  instrument  is  not  in  use  the  leaves 
hang  close  together  as  in  fig.  8,  but  in  many  experiments  with  it  they 
open  out  more  or  less  as  in  fig.  9  ;  they  are  then  said  to  diverge.    Two 
binding-screws,  S,  S',  are  fixed  to  the  brass  rod  as  shown,  and  the  top  of 
the  rod  is  surmounted  by  a  circular  brass  plate,  C  C,  called  the  disc  or 
cap  :  this  should  be  made  to  lift  ofi",  as  for  some  puri>oses  the  instru- 
ment works  best  without  it.     It  will  now  be  seen  that  the  cap,  the 
screws,  S,  S',  the  rod,  H  K,  and  the  leaves,  I^L',  constitute  electrically 
one  conductor,  which  is  completely  insulated  from  the  netting,  etc. 
by  means  of  the  india-rubber  bung  and  ebonite  plug.'    The  instrument 
thus  consists  essentially  of  two  conductors,  which  may  for  shortness 
be  8|)oken  of  respectively  as  the  leaves  and  the  netting^  completely 
insulated  from  one  another.     In  most  experiments  the  instrument 
siinply  stands  on  the  table,  in  which  case  the  netting  is  earthed  by 
means  of  the  table,  floor,  etc. ;  in  some  experiments,  where  exception- 
ally good  earthing  is  desirable,  a  piece  of  copper  wire  may  be  run 
from  one  of  the  terminals,  T,  T,  to  a  gas-  or  water-pipe.    If  in  any 
experiment  it  be  required  to  insulate  the  netting,  it  can  be  done  by 
simply  standing  the  instrument  on  an  insulating  stool 

36.  Principle  of  the  Action  of  the  Gold-leaf  Electroscope. 
This  instrument  is  used  for  a  grwit  variety  of  purix)ses,  hut  all  of 
them  turn  upon  one  fundamental  principle.  We  shall  not  attempt  to 
explain  the  why  and  the  wherefore  of  the  principle  in  question,  but 

*  There  b  no  abBoIute  necesBity  for  the  ebonite  plug,  but  it  improves  the 
insolatUnL 


Art.  M.]  fmrnnuL,  ii 

fthall  uke  ii  M  A  pUin  expwimen'  ^\uxi 

it  U:— Set  the  elwtrotoope  00  ftn  ■ '■^' 

tarmiiMUi  S*  And  T,  by  a  eopiMr  wu 
bMomo  oiM  eondaetor.    BtAt  the      , 

bacoBiW  eluuved  positively,  ftml  if  a  positively  cbarged  pith  )«11 
•laetitMoope.be  held  over  it  the  pith  ball  la  ttfongly  repelled.  Jiui 
no  wtommtmi  wkaUver  taket  piaet  in  Ikt  lmw$,  L,L' ;  they  eootioue 
to  huag  tide  l^  mde,  M  in  flf.  a  Now  in  rhnrging  thit  mp  poeiti v  ^ ' . 
we  have  impnrted  to  it,  and  of  oooree  to  the  lenvee  rnloi^  wi: 
A  eertnin  poeitive  potontiAl ;  aleo,  tinoe  the  lenvee  and  netting  ere 
one  conductor  by  virtoo  of  the  copper  wire,  we  know  by  PoiMOo'e 
principle  that  ih§  poUnHal  ^f  Iht  netting  is  ike  mme  ae  iMai  </  Ikt 
Unvm.  The  experiment  therefore  telle  ue  thmt  wken  the  Uavm  and 
netting  ham  the  mtwte  potential  the  Uavee  do  not  diverge.  If  the  oep 
hnd  been  benten  with  fur  insteed  of  indi«-rubber  the  Mme  thing 
would  have  happened,  the  leaves  and  netting  now  both  aoqniring 
the  tame  negative  poteniiaL  The  experiment  may  be  made  more 
•triking  if  inetead  of  merely  beating  tho  cap,  the  terminal  8  be 
connected  by  a  wire  to  a  strong  electrical  machine  :  on  working  the 
latter,  the  leaves  and  netting  acquire  a  very  strong  potential,  and  by 
holding  the  knuckle  over  the  cap,  sparks  an  inch  or  two  long  may  ht 
taken  off,  but  the  leaves  and  netting  have  equal  potenttab  and  not 
tlie  least  divergence  occura 

Now  still  keeping  the  instrument  on  the  insuUting  stool,  take 
away  the  wire  connecting  8'  and  T.  Take  two  conductors,  A  and  B, 
each  mounted  on  an  ebonite  support  and  provided  with  a  binding 
screw  Connect  A  to  the  leaves  by  joining  its  screw  to  the  screw  8' 
of  the  electroscope,  and  connect  B  to  the  netting  in  a  simiUr  way  by 
means  ol  the  screw  T.  First  let  A  and  B  IoimA and  charge  them:  the 
leaves  do  not  diverge,  for  now  they  and  the  leavea  and  netting  nre 
one  conductor,  and  the  potential  of  all  four  is,  by  Poiaeon's  Principle, 
the  same.  Now  separate  A  and  B  and  charge  A  a  little  more,  leaving 
B  alonei  The  Uame  at  once  diwerge.  In  charging  A  a  little  more  we 
have  strengthened  ito  potential,  so  that  there  is  now  a  differenee 
of  potential  between  the  leaves  and  the  netting  ;  and  the  experiment 
theref on  tells  us  that  whm  there  i$  a  d^erenee  e^  poteniiat  beimen 
the  ieame  and  netting  the  Unwee  dieerge.  A«ain,  charge  A  more 
strongly  still :  the  Uweee  dimrge  mme ;  thb  experiment  tells  as  that 
he  greater  the  difference  of  potmtaal  between  the  kavea  and  the 
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the  fn^nt«r  is  the  divergenoa  Hence  the  princi])Ie  of  the 
iMtroiDent  is  that  a  divfrgence  of  the  Uavet  iwit'caUs  a  (fijfnenre  of 
poUmiial  beUoeen  the  Uavei  <md  the  netting^  ami  t/w  amount  of  the 
divergemee  indieaU$  the  amunmi  of  thcU  differencr.  Tlie  elect  ro.scoi>e 
U,  in  fact,  simply  an  electrical  preetmrt  gmtge. 

QUBrriOK.— If  the  leaves  be  made  to  diverge  by  charging  the  conductors 
A  and  B  to  different  potentials,  and  then  A  and  B  be  oonneoted  by  mcanH  of 
a  brass  rod  held  on  an  insulating  handle,  how  will  the  leaves  behave  ? 
Give  a  reason  for  your  answer. 

It  should  be  noticed  that  when  wc  speak  of  the  j>otential  of  "the 
leaves"  we  include  the  cap  and  any  conductor  in  electrical  con- 
nexion with  the  leaves,  either  by  touching  the  cap  or  by  being  wired 
to  one  of  the  screws  S,  S',  for  all  these  must  by  Poisson's  Principle 
be  at  the  same  potential.  Similarly,  when  we  speak  of  the  potential 
of  the  "  netting  "  we  include  the  plates  P  P,  Q  Q',  and  any  conductor 
in  electrical  connexion  wnth  them,  either  by  touching  Q  Q'  or  being 
wired  to  either  of  the  terminals  T,  T. 

It  should  be  observed  also  that  the  divergence  of  the  leaves  does 
not  in  itself  tell  us  whether  their  potential  Ikj  higher  or  lower  than 
that  of  the  netting  ;  it  merely  tells  us  that  there  is  a  diJerencCf 
and  indicates  the  extent  of  that  difference. 

The  student  is  again  cautioned  against  attempting  at  this  stage  of 
his  studies  to  explain  the  principle  theoretically  ;  it  must  be  taken 
as  an  experimental  facty  in  the  same  way  as  the  fundamental  facts  of 
attraction  and  repulsion. 

36.  Electroscope  with  Netting  Earthed.— If  the  electroscope  be 
placed  on  an  insulating  stand  and  (the  leaves  and  netting  being 
unconnected)  the  cap  be  charged,  this  charge  acts  acrcss  the  air  in 
the  jar  and  renders  the  potential  of  the  netting  different  from  zero, 
though  not  equal  to  that  of  the  leaves.  This  comj)licate8  matters 
▼ery  much  ;  hence,  in  the  vast  majority  of  experiments  with  the 
instrument,  the  netting  is  kept  earthed  by  allowing  it  to  stand  on 
the  table ;  in  that  case,  by  Poisson's  Principle,  the  jwtential  of  t/ie 
netting  is  altoayn  zrroy  whatever  may  he  done  to  the  cap,  leaven,  etc., 
aad  hence  the  principle  of  §  35  takes  the  simpler  and  more  )>ractically 
useful  form  :  A  divergence  of  the  leaves  indicate*  that  their  jxjtenfial 
M  deferent  from  aero,  and  the  amomnt  of  the  divergence  indicate  the 
itrength  of  the  potential.    Here,  again,  when  we  say  "  the  leaves  " 
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w. .  ..f  courM,  inehide  Um  eap  and  any  eondoelor  is  uliiiliiial  coa* 
tic&iuu.  The  div««ic»n««  does  not  abow  whalliar  IIm  pntiitbl  b 
pcwitive  or  MgiUve  ;  thU.  however,  •eldom  BMtl«%  M  w  fHMfmlly 
know  beforeluuid  whether  we  are  working  wHh  potHiv*  or  BipUlvo 
potentlAl«»  and  if  not  we  cmn— should  it  be  nwa— ry^tod  oaf  bj 
the  method  of  §  90. 

It  fthonld  be  notleed  that  the  prtndplea  of  this  and  tha  preeedfaw 
aeetioni  are  fmrfecdy  i^etuToi,  there  are  no  ageamkwB  to  tlMn  what- 
erer,  and  it  makea  no  diflferenoe  whether  the  pirttittiahr  dealt  with 
10  due  to  free  charges  or  to  external  ioflaeiioe& 

In  all  that  we  shall  in  future  my  about  the  gold-leaf  alectroarope 
it  must  be  dintinctly  unclentood,  unleee  the  contrary  it  epeetfied,  that 
the  netting  is  mp/ioted  earthed  ;  if  not,  the  instrument  will  in  genetal 
behave  quite  differently  from  what  is  stated. 

37.  How  to  Charge  the  Electroscope  Freely  It  frequently 
happens  that  we  require  the  leavea  of  the  electroseape  to  have  a 
free  eharge.  This  is  easily  done.  To  charge  them  poaittvely  we  heat 
the  cap  with  imita-rubber,  to  charge  them  nagatiTely  we  bmt  it  with 
fur.  Ar,  however,  constant  beating  and  robbing  does  not  improve 
the  instrument  it  is  best  to  beat  an  insulated  metal  ball  with  these 
respective  substances  and  transfer  a  eharge  by  contact.  A  very 
feeble  charge  ia  sufficient ;  if  too  strong  the  leaves  are  apt  to  be 
wrenched  off.  A  positive  free  charge  gives  the  leaves  a  positive 
potential,  a  negative  free  charge  gives  them  a  nagative  potential ; 
in  either  case  their  potential  beeomca  different  from  aero,  and  they 
diverge  in  sreordsnce  with  the  principle  of  §  S8. 

The  •  I  very  striking  ezperiment    Stand  the  electfo> 

scope  <>i  :  K  stool,  and  earth  the  leaveal^nmning a  copper 

wire  from  one  of  the  terminals,  S,  S',  to  a  gas-pipe.  Charge  a  metal 
ball  and  touch  one  of  the  terminal  T,  T,  with  it.  The  potential 
of  the  netting  then  becomes  different  from  sera,  while  that  of  the 
leaves  remain  aero  becanae  th^  are  earthed ;  hence,  in  accordance 
with  the  principle  of  4  35,  the  leaves  diverge. 

38.  Potential  of  Electroscope  due  to  External  Inflnene*.  Take 
H  neiitnil  <loctroscope :  the  potential  of  its  leavea  is  aero,  which  noans 
that  thtir  electrical  preaanre  ia  the  aame  aa  the  electrical  praamrs  of 
tho  earth  and  of  all  neutral  bodies.    Now  take  a  poaitively  and  freely 
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ehwged  body,  my  a  glass  rod  rubbc<l  with  hiIIc  :  this  hax  a  positive 
poCeotia] — tbat  is,  its  electric  prcHRuro  iH  al>ove  that  of  neutral  IkkHch. 
Hold  the  said  body  over  the  cap  of  the  electroscope,  a  foot  or  so  from 
it:  the  Uaves  diverge.  The  reason  is  that  the  cap  and  leaves  ex- 
perience the  effect  of  the  increased  electrical  pressure,  which  acts 
across  the  dielectric  (that  is  the  air)  so  that  their  potential  Incomes 
raised  ;  the  potential  of  the  netting,  on  the  other  hand,  remains  zero, 
and  the  divergence  takes  place  in  accordance  with  the  principle  of 
§36.  The  nearer  the  body  is  brouRht  to  the  cap  the  more  is  the 
increased  electrical  pressure  experienced,  the  more  the  j^tential  of 
the  leaves  is  raised,  and  the  more  they  diverge.  If  the  body  (it  not 
having  been  allowed  to  Uttich  the  cap)  be  taken  away,  the  leaves  no 
longer  experience  the  increased  pressure,  and  they  collapse. 

A  potential  produced  by  external  influence,  as  in  this  case,  is  called 
an  impressed  or  an  induced  ix)tential  (cf.  §  41). 

The  electroscope  having  the  induced  potential  is  sometimes  loosely 
said  to  be  "  charged  "  by  induction  ;  but  it  must  be  carefully  bomo 
in  mind  that,  taking  the  cap,  rod,  and  leaves  as  a  whole,  they  are  iwt 
cJuirged  at  all,  that  is,  there  is  no  excess  or  deficit  of  electricity  in 
them,  for  no  electricity  can  flow  from  the  charged  body  througli  the 
air.  As  will  be  seen  in  §  49,  the  leaves  and  cap  taken  separately 
are  charged  in  opposite  ways,  but  this  is  a  secondary  matter— the 
essential  point  is  that  tJie  divergence  is  due  to  increased  electrical 
pressure  communicated  to  the  cap  and  leaves  of  the  electrosco}^  acrost 
the  dielectric,  whereby  their  j)otential  is  raised. 

If  we  employ  a  negatively  and  freely  charged  body,  its  potential 
is  negative— that  is,  its  electrical  pressure  is  Mow  that  of  neutral 
bodies ;  in  this  case  the  cap  and  leaves  will  experience  the  eflfect  of 
diminished  pres-sure,  their  f>otential  will  l>e  lowered  so  as  to  l)econu' 
below  zero,  and  again  the  leaves  will  diverge  in  accordance  with  the 
principle  of  §  .30. 

39.  Simplest  Use  of  the  Ghold-leaf  Electroscope.  The  simplest 
uses  to  which  this  instrument  is  put  are  to  determine  the  existence 
and  character  (»>.,  whether  positive  or  negative)  of  a  free  charge  on 
a  body.  It  thus  serves  the  same  purpose  as  the  pith  ball  and  rods 
(§  20X  but  is  far  more  delicate. 

To  detect  the  existence  of  a  charge,  we  simply  hold  the  body  to  be 
examined  over  the  cap :  if  the  leaves  diverge  the  body  is  charged. 


Art.  59.1  POTKimAU 


if  nnt,  it  in  neotmL  Tho  ditmw&nBb  k,  m  Alrwdsr  arpkittad  (|  mX 
duv  to  the  potoniial  arquired  bj  tk*  liftvMk 

This  dow  not  datermino  ihe  eAametmr  of  tbs  iilwini  Todo  Utti 
we  bcfin  by  eluurf{inf  tke  elaetroaeope  poiitiv^y  ({  S7X  to  «•  to  five 
it  A  free  poeittve  polentkL  We  tiMi  liold  tht  body  over  tW  c^ 
taking  cere  to  epproecb  it  greduAlly  from  e  djetennn  Nov  tlie 
student  will  leem  m  he  proceed*  that  if  ander  theae  drcuBilaoeea 
the  leavea  diverge  mor*,  it  alTorda  eoodoaive  evidcnee  thai  the  body 
waa  at  poaiUve  potential  Hence,  ainee  in  the  pteaaat  eaae  there  are 
no  exttfoal  inflaencea  whereby  the  body  might  arqnire  a  potential 
it  mnat  <cf.  {  43)  have  a  pomUm  ekmrgt. 

If  under  the  Name  circomstanoBa  the  leaves  diverge  leaa  or  raoiain 
unaffected,  tho  student  will  further  learn  that  the  evidence  b  on- 
satisfactor>'.  In  that  caae  we  discharge  the  eleetroeeope  by  tooching 
th«  rap  with  the  fingers  ami  give  it  a  free  ntgaiiw  charge ;  we  then 
hold  the  Ixxly  over,  ami  if  the  leaves  now  diverge  more,  then  bj  tlM 
same  argument  we  know  that  the  body  haa  a  negative  charge. 

If  the  leavea  diverge  leaa  in  both  amt  we  are  left  in  doubt; 
practically,  however,  thia  never  happens  unleaa  the  body  under  ex- 
amination be  nemtnU  (see  {  fiOX 

The  reaaon  for  bringing  the  ehaiged  body  skmly  towards  Ike 
eleetroeeope  from  a  distance  is  to  avoid  the  risk  of  a  sodden  reversal 
of  the  potential  of  the  leaves,  before  we  have  time  properly  to 
♦>hscrve  their  behaviour. 

It  rthould  be  noticed  that  all  these  actions  primarily  depend  upon 
the  poUntiai  of  the  body.  If  the  body  be,  as  we  have  soppoaed, 
not  under  the  influence  of  external  electrification,  the  exiatenoe  and 
character  of  its  potential  depends  atmply  upon  its  charge  (§  4SX  ao 
that  the  method  is  valid  ;  if  there  be  external  influence,  tke  method 
is  valid  aa  reapeeta  poUmiieU  but  not  as  reapeeta  dWsryv ;  it  ia,  how- 
ever, then  seldom  empk>yed. 

In  practice  the  best  way  is  to  employ  three  eleclroaeopea,  one 

•  ntml,  one  charged  positively,  and  one  negatively,  phtfing  tkem 
-•  A  •  I  .il  foet  from  one  another  so  as  to  avoid  inductive  action  bUween 
them ;  the  body  to  be  examined  ia  then  hekl  firsl  over  Ihe  neateml 
one,  and  if  the  leaves  do  nol  diverge  Ikere  ia  no  need  to  go 
fuH^.  But  if  they  do  it  is  hekl  in  torn  over  Ike  poailive  and 
negi^ve  one,  and  whichever  divergea  eiorv  tella  na  Ike  ekameter  of 
the  charge. 


RLlcmOflTATlCft.  [tti,  40. 

:— 1.  How  wouM  yon  show  that  a  piec<«  c»f  metal  when  rubbed 
with  flannel  b  charged  with  electricity,  and  how  would  you  test  whether 
the  charge  is  positive  or  negative  f 

S.  An  electroscope  is  standing  on  the  table  and  its  leaves  are  diverging. 
Describe  and  explain  what  experiment  or  experiments  you  would  perform 
in  order  to  ascertain  whether  their  potential  wa^  positive  or  negative. 

iO.  To  test  the  Strength  of  the  Potential  of  a  Conductor.  I  f  a 
conductor,  not  at  zero  potential,  Ix'  put  into  electrical  connexion 
with  the  leaves  of  the  electro«toi>e,  tliey  diverge.  The  conductor,  cap, 
leaves,  etc.,  all  acquire  the  same  potential  (PoissonV  Principle),  and 
the  amount  of  the  divergence  indicates  the  strength  of  tliat  j»otential 
(§  36).  But  it  must  be  remembered  (§  32)  that  when  the  connexion 
is  made,  a  charge  (positive  or  negative  as  the  case  may  be)  passes 
from  the  conductor  into  the  cap,  rod,  and  leaves,  thus  weakening 
the  j)Otential  of  the  conductor  so  that  the  jwtential  measured  by  the 
divergence  is  not  the  original  potential  of  the  conductor.  To  render 
this  sense  of  error  as  small  as  possible,  we  ti»e  the  inntrunient  leithout 
the  cap,  in  which  case  it  takes  but  a  very  small  charge,  and  we  may 
then  in  general  reckon  that  the  divergence  of  the  leaves  indicates 
the  original  |)otcntial  of  the  conductor. 

In  practice  the  best  way  is  to  take  off  the  cap,  place  the  electro- 
scope several  feet  from  the  conductor  and  screw  into  one  of  the 
tenninals,  S,  S',  a  long  copper  \sire  to  who.se  other  end  is  soldered  a 
round  brass  ball  or  knob  about  ^  inch  diameter.  The  wire  is  then 
held  (near  the  knob)  by  a  pair  of  insulating  tongs,'  and  the  knob 
made  to  touch  the  conductor ;  the  leaves  at  once  diverge,  the  amount 
of  divergence  indicating  the  strength  of  the  potential.  This  device  is 
termed  the  knob  tent. 

Remark. — We  have  seen  that  the  oi>eration  is  acc<^)nipHnie(i  by  a 
flow  of  a  charge  into  the  leaves.  Both  leaves  become,  therefore, 
similarly  electrified,  and  their  divergence  used  always  to  be,  and  still 
frequently  is,  explained  as  simply  due  to  the  repulsion  of  similarly 
electrified  bodies  (§  18).  This  view  is,  however,  apt  to  misletvd,  and 
it  is  best  not  to  dwell  too  strongly  uiwn  it.  Anyway  it  represents 
only  part  of  the  truth,  for  the  motion  of  each  leaf  depends  not  only 
on  itself  and  its  companion,  but  upon  the  whole  electric  field  ivithin 

'  Insulating  tongs  are  simply  a  small  pair  of  spring  pincers  or  pliers 
mounted  on  an  ebonite  handle. 
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thr    i>ti\   |m   th*-   <.iri>liti«iti  of  which  Um 
iiiilMtrtant  |«iirt 

41   PrM  and  Induced  PoimtUL    T^ko  mi  iMnktod 
A  ifi;.'    ln),»  |trovid«xl  with  a 

i>iihlin>;  fMfew,  ph^e  it  wireml  x-^n.  JL 

feel   front   the   eleotroeeope,  [        ]  (J  *  Mt 

end  run  e  oopper  wife  fron  \^J  ^^y»^  ^.^ jt 

the  binding-iaew  to  one  of  ^T  I  rlj 

the  terminehi  K,  of  the  in-        I  H  |B 

■traaent  Then  perform  the  J^^  ^^  wmM 
following  expertmente  :— 

KxiKKiMBirr  1.  Give  e  free  podtive  charge  to  A :'  the  lenvee 
tliverxe.  A  now  hee  a  potiHve  polentini,  and  it  ie  a  firtt  potential— 
that  is,  it  U  due  to  A*s  proper  charge  and  not  to  external  inffnenee. 

ExpKBiMXXT  8.  DiJicharge  A  by  earthing :  tto  potential  ia  reduced 
to  xero  and  the  leaves  coUapee.  Repeat  experiment  I,  thia  fime 
giving  A  a  free  negative  charge :  the  leaves  now  diverge  at  free 
negative  potential 

ExpKRiifSirr  a  Discharge  A  so  as  to  make  a  fresh  start  with 
everything  neutral  Take  another  insokiled  eondnelor  B»  give  it  a 
free  4*  charge,  and  bring  it  gradually  towards  A,  hot  do  not  allow 
:t  to  touch ;  also  do  not  bring  it  near  enough  for  a  spark  to  pass 
(see  {  67X  The  leaves  of  the  electroeoope  will  diverge  and  will  do 
so  more  and  more  the  nearer  B  approaches  A.  This  shows  that  A 
aci|uires  a  potential  which  becomes  stronger  the  nearer  B  approaches 
it  Now  remove  B  :  the  leavea  at  once  coUapee,  showing  that  the 
potential  of  A  is  reduced  to  xera  It  is  evident,  ther^ore,  that  A  has 
acquired  no  charge,  as  indeed  it  could  not,  because  it  is  separated 
from  B  by  the  air,  which  is  an  insulator.  Th^  potentiai  of  A  tmu 
aimpljf  due  to  the  external  i^fimmee  of  B  HiMnwmitied  aerom  the 
dieleetrie ;  it  is  an  i$npremed  or  iwhtotd  poim$i(ti  (ef.  f  JBX  The 
l>ody  B  having  a  free  +  charge  has  an  electrical  pressure  above  that 
o(  the  original ly  neutral  conductor  A,  and  by  bringing  B  near,  this 
increased  i  i.i  transmitted  across  the  dielectric,  and  falling 

uponAfHi-  ;  lential  The  potential  acquired  by  A  is  therefore 
xtsitive. 

«  TIte  shape  of  A  and  B  is  iininstei  iiL 

'  B  UalMnt  la  JCxperioMnu  1  and  3. 


^  BLMTMnATIOB.  [Art.  42. 

QunriON.  -What  experiment  wooM  yon  soggeft  to  prove  that  it  really 
M  raised  and  not  loftrrtd?    {Vi.  Kx.  §  8J».) 

ExpKRiMKNT  1.  Discharf^  everything  and  repeat  Experiments, 
only  charging  B  negatively  instead  of  {Kmitively  ;  the  Hame  rcsultH 
will  be  observed,  this  time  A  acquiring  a  negative  induced  {)otential. 

The  body,  B,  to  whose  influence  A's  induced  |K>tentiaI  is  due,  is 
called  the  inducing  body.  We  have  MUp{K)sed  it  to  be  a  conductor, 
but  a  non-eondxtctor  acts  in  exactly  the  same  toay  :  in  ExptTiment  3 
we  might  employ  a  glasa  rod  rubbed  with  silk,  and  in  Experiment  4 
an  ebonite  rod  rubbed  with  fur.  But  the  Inxly  A  must  be  a  con- 
ductor, otherwise  the  action,  though  e.H.sentialIy  similar,  is  not  at  all 
well  marked. 

In  the  above  exi)eriments,  all  the  electroscoi)e  does  is  to  serve  as 
an  electrical  pressure  gauge,  whereby  we  can  practically  detect  the 
changes  of  ))otential ;  if  we  do  not  use  the  electroscoi)e  these  changes 
vf\\\  occur  just  the  same. 

We  thus  arrive  at  the  following  very  important  result; — A  con- 
•iuctor  may  ac<iuire  a  potential  in  two  distinct  ways. 

1.  As  the  result  of  its  own  charge — i.e.,  of  an  actual  excess  or  deficit 
of  electricity  in  it :  this  is  called  a  free  fxttentujl. 

2.  As  the  result  of  external  electrical  pressure  brought  to  bear 
upon  it  across  the  surrounding  dielectric :  this  is  called  an  huluced 
or  inijyressed  jMtential. 

It  will  be  obherved  that  in  the  foregoing  cxfxirinients  wu  have  directed 
that  the  electroscope  he  placed  several  feet  from  the  conductorn :  the 
reaiton  is  that  it  may  not  receive  any  appreciable  potential  from  the 
influence  of  A  or  B  apart  from  the  wire  vonncxi(m—t\\Ai  '\»,  no  induced 
|K>tential  from  the  direct  action  of  B  or  A  on  the  leaves  across  the  air. 
which  would  needlessly  complicate  the  conditions.  We  shall  find  as  we  go 
on  that  it  is  very  usual  to  set  the  electroscope  some  distance  from  the 
bodies  under  examination. 

It  must  be  most  carefully  noticed  that  when  a  conductor  has  only 
an  induced  potential  it  has  taken^  as  a  whole,  no  charge  whatever^ 
that  is,  no  excess  or  deficit  of  electricity  ;  it  simply  i)086e8se8  its 
stock  amount  (cf.  §  38). 

42.  Co-existence  of  Free  and  Induced  Potential 
Exi'KRiMKNT  1.     Connect  th«-  coiKluctor  A.  fig.  10,  to  the  electro- 
scope as  in  §  41,  and  give  it  a  free  +  charge :  the  leaves  diverge 
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at  •)- potontkL  Nowgive  Bafr«e-l-eliArg«,tii4(witlwQtdiiehMgiiw 
A)  bring  B  near  A  :  the  Imvea  divwga  wwre,  we  Ar«  therefore  faWng 
A'«  |M)tential.  Th<*n  Uke  B away :  the  leave*  faJl  hack  to  tha  potUUm 
they  had  before  B  waa  brought  near.  When  B  ia  near,  tha  polaolial 
of  A  ia  made  op  of  two  parta,  ona  due  to  A'a  own  charfa  aad  ooa 
due  to  the  action  of  B  aofoaa  the  dialadrfe;  th»  former  ia  ila  Aw 
/lOlmlMi^  the  ktior  ia  tWMMt  The  total  potential  of  A  ia  tha  am 
ol  thaae  two,  and  it  in  thia  total  potaotaal  that  in  indieatad  by  tha 
divergence  of  the  Knivmi.  Tha  nearer  B  ia  brought  to  A  the  highar  ia 
the  induced  {lotenttal  whilv  the  free  potantial  remaina  unaltered,  and 
therefore  the  hiKhor  ia  the  total  potential,  ao  that  tha  leavaa  diverge 
inore.  When  H  in  uken  away  the  indooed  potential  dteappeara,  and 
there  remaina  nothing  bat  the  free  potential 

ExFiBUiBiiT  i.    Repeat,  charging  A  and  B  botk  negatively.    Tha 

■ame  reaolta  are  obaenred.    Here  both  the  free  and  indnoed  poleotiab 

Are  negative.    The  approach  of  B  ^oiarrt  the  total  potential  of  A 

s^  33) ;  but  as  A'a  original  potential  ia  negative,  this  towering  means 

ittruigthening,  and  therefore  the  leaves  diverge  more. 

ExPBBiXRNT  3.  Discharge  everything  and  make  a  freah  start 
Charge  A  positively :  the  leaves  diverge  at  -f  potential  Now  charge 
B  negatively  and  bring  it  gradually  towards  A  from  a  distance.  The 
loaves  diverge  less  and  leas,  until  when  B  arrives  at  a  certain  position 
(call  it  P)  they  do  moi  diverge  ai  ali.  When  B  approaehaa  naarar 
than  r  they  again  diverge  and  continue  to  do  ao  more  and  mora  tha 
nearer  B  geta  to  A. 

Now,  remembering  that  the  divergence  indicates  tha  atnagth  of 
the  total  potential  of  A,  it  is  easy  to  ezpUin  all  thia  ThrouglMMit 
the  proceas  Uie  free  potential  of  A  is  +  and  its  induced  potential  ia  > , 

«>  that  the  two  tentl  to  utfakm  one  another,  and  the  total  potential 
iH  their  difrrtnee.  When  B  is  farther  from  A  than  P  is,  the  free 
IMttcntial  Ket^  so  to  s|)eak,  the  best  of  it  and  the  total  potantial  is 
Mtill  iK)«itive,  though  weaker  than  the  original  free  potential  As  B 
spproarhcs  P  the  weakening  effect  of  the  induced  potential 
more  and  more  felt,  until  at  the  poaition  P  the  imdmct 
exactly  tlntrof/t  ihefrtt^  amd  ike  Mai  ptdmUUU  is  aero.  Whan  B  flila 
nearer  than  this  the  induced  potential  gate  tha  beat  of  it,  and  the 
total  potential  becomaa  negative,  thia  nagMiva  potantial  growing 

stronger  and  ntronger  aa  B  gete  nearer  A. 
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Experiment  4.  Repeat  Ejcperiment  3,  charging  A  negatively  and 
B  positively.  Similar  results  are  observed^  and  the  explanation  is 
the  same  making  due  allowance  for  the  interchange  of  the  +  and  - 
potentials :  the  student  should  think  out  the  details  of  this  case 
for  himself. 

SZBROISB  (ld99>:— Anin«iilatod  cler-trifiGd  ball  in  brought  near  the  knob 
of  an  eleotroecope  which  in  then  momentarily  touched  so  that  the  leaves 
hang  vertioally.  Explain  why  the  leaves  diverge  when  the  ball  is  now 
either  nearer  to  or  further  from  the  knob. 


43.  When  Potential  and  Charge  do  and  when  they  do  not  go 
'*  hand-in-hand."  When  a  conductor  is  n^d  under  external  electrical 
influence  its  potential  andchargu  g«),  so  to  speak,  band-in-hand — that 
is,  if  it  has  a  jwtential  it  has  a  charge,  and  conversely ;  also  the 
character  of  its  iwtential  (positive  or  negative)  is  the  same  as  that  of 
its  charge  (cf.  §  30). 

But  when  a  conductor  is  under  external  electrical  influence  its 
T)Otcntial  and  charge  do  not  go  hand-in-hand.  It  may  have  no  charge 
ami  yet  a  potmtial  (Experiments  3  and  4,  §  41).  Or  it  may  have  a 
charge  and  yet  no  potential,  that  is,  be  at  ix)tential  zero,  as  in  Experi- 
ments 3  and  4,  §  42,  when  the  induced  potential  just  destroys  the  free 
one.  Or  it  may  have  a  charge  of  one  kind  (say  j)Ositive)  while  its 
jMjtential  is  of  the  opi>08ite  kind  (negative)  as  in  these  same  exijeri- 
nients  when  the  induced  potential  has  more  than  destroyed  the  free 
one.  The  student  should  think  all  this  over  very  carefully  in  the 
light  of  the  experiments  referred  to,  as  it  is  sometimes  felt  to  be 
]  perplexing. 

44.  Use  of  Gold-leaf  Electroscope  to  check  the  truth  of  Poisson's 
Principle. 

Experiment.  Take  several  insulated  conductors  provided  with 
l>in(ling-screw«  and  connect  them  by  copper  wires— or  for  the  sake 
of  variety  some  of  them  may  be  allowed  simply  to  touch— anything 
>o  as  tli«y  are  in  electrical  connexion.  Set  up  the  electroscope  some 
distance  away,  and  attach  to  it  the  copper  wire  with  the  small 
knob  as  in  §  40.  Qive  the  set  of  conductors  a  free  charge.  Hold 
the  wire  leading  to  the  electroscope  in  the  insulating  tongs  and  make 
the  knob  touch  a  point  on  one  of  the  conductors  :  the  leaves  at  once 
diverge.     Now  run  the  knob  all  over  the  surface  of  the  conductors, 
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then  it  will  be  found  thM  a  whrnUnm  pkee  il 

I  he  Tiiain  conductore  or  on  the  oonaaclinig  wirvt,  i 

leavet  remaim  preeMif  fA«  tamt,    ThU  b  dandy  in  aceorrl  villi 

l\>iMon*a  Prinapio  tUt  the  potentini  ui  Um  mbm  at  all  poinu  d  tkm 

«ud  to  iirxNW  FoiMoo'e  Priaeipl^  b«t 
it  tluea  not  ao  inadi  do  tlmt  m  dMek 
or  illoatrmte  it;  it  cna 
indeed  banlly  be  ptvmd 
directly,  it  uiu«t  ratber  be 
looktxl  upon  aa  a  fwMk- 
mental  bypotbeaia  wboae 
corr^etaaM  ia  natabllabiiil 
by  the  readinaM  wit)! 
which  it  expbiaa  elactrint ' 


Fl«.  U. 


rif.  12. 


It  abould   be  obeenvi 
that  it  doea  not  in  the 
leaat   matter  what   akape 
the  condnctori  are.    It  is 
very  nanal  to  exhibit  the 
ux|ieriment  with  a  single  oooductor  of  the  ahape  shown  in  flg.  II ;  it 
is  then  found  that  it  niak«s  no  difference  wheCliar  the  knob  be  pbeed 
It  the  point  P,  in  the  hollow  (^,  or  at  nay  other  point  R ;  the 
livergence  of  the  leaves  is  preciaely  the  aamei 

If  the  conductor  be  a  metal  pot,  aoch  as  that  shown  in  fig.  18,  it 
makes  not  the  least  difference  in  the  divergence  of  the  leaves  whethar 
the  knob  touch  the  outside  of  the  pot  any  at  P,  the  inside  say  at  W 
•  T  K,  or  the  edge  say  at  S. 

These  experiments  check  Puisson  s  Principh;  for  /ret  potential ; 
It  itf  equally  easy  to  check  it  for  induced  (lotentisl  or  for  a  potential 
liartly  free  and  partly  induced.  We  have  merely  to  rejieal  the 
experiments,  pladng  electrified  conductors  in  the  neighbourhood  ol 

r*       iMctors  we  are  examining— the  same  resulta  are  obtniMd. 

Ii*>>  i.  iild  be  especially  noted;  a  common  mistake  is  to  suppoae 
Fotason's  Principle  true  for  free  eledrification  only,  and  to  think 
that  if  a  conductor  A  be  under  the  influence  of  some  other  electrified 
:  ^  H,  the  |K>tential  of  A  is  stronger,  at  the  end  near  B  than  at  the 
«  uu  tarther  awny,  which  i«  not  the  cane — it  in  just  the  same  all  over. 
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46.  Indnced  Charge.  When  an  in8ulat<Hl  and  originally  neutral 
conductor,  A,  is  near  a  freely  charged  body,  B,  then,  a.s  wc  have  seen 
(f  41X  A  acquires  an  induced  ]>otential,  and  is  sometimes  loosely  said 
to  have  an  "  induced  charge,"  though  it  renlly  has  no  charge  at  all. 

We  now  proceed  to  consider  an  huiiurd  chnnjf  jn'operly  so  called. 
Take  an  insulated  neutral  conductor,  A,  and  bring  near  it  a  freely 
and  positively  charge<l  body,  B.  While  B  is  near,  earth  A  (by 
touching  it  with  the  finger),  then  break  the  earth  connexion  (by  taking 
the  finger  away),  and  laMhf  remove  H.  Then  test  A,  either  by  the 
pith-ball  electroscope,  or  still  better  by  the  goKl-leaf  electroscope,  as 
in  §  39,  when  it  will  be  found  to  be  neffatively  charfjed.  So  nmch 
for  the  fact.  Now  for  the  explanation : — When  B  is  brought  near 
the  insulated  conductor  A,  the  latter  acquires  a  iwsitive  potential ;  we 
now  earth  A,  this  redtices  its  j)ottntial  to  zero.  But  (since  no  further 
change  has  been  effected  in  A's  electrical  surroundings)  this  reduc- 
tion from  a  jiositive  to  a  zero  potential  can  only  have  hapi>ened  as 
the  result  of  some  electricity  having  flowed  out  of  A  into  the  earth, 
A  thus  acquiring  a  deficit,  that  is  a  negative  charge.  After  earthing, 
and  before  removing  B,  the  total  iwtential  of  A  is  zero,  it.s  positive 
induced  potential  being  exactly  destroyed  by  the  negative  free 
potential  due  to  its  negative  charge.  Merely  breaking  the  earth 
connexion  makes  no  difference.  But  as  soon  as  B  is  removed  the 
induced  potential  of  A  disappears  and  there  remains  nothing  but  the 
free  negative  jxjtential  due  to  A's  negative  charge.  In  fact,  as  soon 
asB  is  removed  the  negative  charge  on  A  becomes  a  free  one,  just  as 
surely  as  if  it  had  been  imparted  by  beating  with  fur,  and  accord- 
ingly affects  the  electroscope  as  explained  in  §  .38.  It  should  be 
carefully  noted  that  the  negative  charge  is  acq w  red  ////  A  at  t/ie 
fnonient  of  earthing — removing  B  in  no  way  alters  the  charge,  but 
simply  leaves  it  free  to  produce  its  own  jxitential  unmolested  by 
external  influence.  The  negative  charge  on  A  is  called  an  induced 
charge^  in  allusion  not  to  its  character  (for  it  is  really  free  as  soon  as 
B  is  removed),  but  the  method  whereby  it  has  been  ])roduced.  The 
term  is  therefore  not  so  appropriate  as  the  ])hrase  "  induced  jwten- 
tial,"  which  we  have  previously  used,  since  the  latter  denotes  a  poten- 
tial due  to  external  influence  then  and  there  in  o])eration. 

EXBBCISES:— 1.  What  is  the  reason  for  breaking  the  earth  contact  before 
rmmfving  the  inducing  body  B1  What  woald  happen  supposing  B  were 
removed  first  t 


Art  41.]  pomrnAi.  is 

It  Mbould  be  cvefoUy  obmmd  tbU  in  the  foregoing  procrM  •*( 
<  liAffing  A  inductively  the  Amount  of  A'*  iiuluced  cbarKv  u  dctrr 
mined  by  the  faet  thai  the  free  nefitive  potentiel  duv  to  it  munt  U- 
tsqiml  end  of  oppoiite  eign  to  the  indneed  poettive  {HHrntial  due  iu 
H'«  infliiem-f  ;  in  other  worda,  m>  mmek  titHrieitff  mmti  Jkm  omi^A 

hm  it  U  mrtktd  as  tkati  earn  tkt  Mai  fi^Hrieal  prmtmnt  ^  A  «lomm 

that  o/tht  eartA.    Other  things  being  the  «une,  the  newer  B  it  to 

V  the  higher  ii  A's  induced  potential,  hence  the  greater  muat  be  the 

H<«atiTe  induced  charge  in  order  to  ooonteiaet  it— thus  the  iadiieed 

ohMveitgieiter  the  nearer  B  iato  A.    Simikriy, ako ocherlhiap 

being  the  aune,  the  induced  charge  b  grenter,  the  greater  the  indadf 

harge. 

BxnotSM:— 2.  Will  it  make  aoy  diflnenoe  in  the  liial  wUtm  of  A  If  U 
)iad  offlginaUy  a  charge  of  iU  own  ? 

a.  WUl  it  Bake  any  difleieooe  in  the  final  stale  of  A  if  it  U  earthed 
h^0r9  bringing  B  near  ii  ? 

In  what  baa  hitherto  been  aaid,  we  have  suppoeed  the  inducing 
NNlyBtobe+.    The  induced  charge  on  A  is  then  - .    Had  B  been 

the  induced  charge  would  have  beni  -¥  :  the  student  should  think 
nut  carefully  the  details  of  this  case. 

It  will  thuM  be  obeenred  that  the  indweed  charge  it  alwatf  oppoaiU 
'•>  tJuti  i>f  tke  inducing  body ;  in  this  respect  it  is  the  reverse  of  a 
ontact  charge  (§  \&\  which  u  always  of  the  same  kind  as  that  of 
the  Ijody  which  imparts  it 

A»  pointed  oat  in  $  41,  A  wiU  derive  an  indneed  potential  fnm  Beqeally 
well  whether  B  be  a  oooductor  or  an  inralaior ;  hence  we  can  impart  an 
ulBcieat  ohaige  from  a  non«coodnctor  to  a  coodocior  hy  indncUoo  tboqgh 
not  by  oontact 

Thin  was  the  okl-faahiooed  way  of  charging  oondeotore.  If  one  wiebed 
to  charge  a  metal  ball  negatively,  it  wm  ibe  eestom.  Instead  of  beating  It 
with  for  (which  takes  abont  a  seoood),  to  dry  a  glass  rod  before  the  tre, 
do  ibe  nme  with  a  pieos  of  silk,  mb  the  rod  vigoroiwlT  witb  the  silk,  bold 
the  rod  near  the  ball,  tooeb  the  baU  and  tbeo  wHbdmw  ibe  rod,  tbe 
whole  prooses,  Indoding  the  drying,  taking  aboet  tea  mlmtes^  The  turn 
meihod  was  also  adopted  for  ohaiging  ibe  goM-leef  eleotroeoope. 

It  will  be  noticed  that  in  all  the  foregoing  diseoesion  we  have 
HupiKMcd  the  body  A  oelsrf  epoi»  to  be  a  eondudor ;  the  ease  where 

it  is  an  insulator  is  unimportant 
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SUMMARY  OP  MOST  iMl*URTANT   POINTS  IN   CHAITER  11. 

1.  BUetirieal  Pne$»ure  m  In  what 

respeoi  it  diflen  from  mcc:.... ^.l .,:. .  i,.  ^...  arc  of  the 

emrtk  it  cmtUnt  ($  81). 

2.  Potential.  Tke  PoUnHal  </  the  Earth  and  of  all  neutral  bediet  is 
5rfv(§31). 

3.  Piristom't  Principle  in  all  its  aspects  as  embodied  in  the  following 
statement.  *'  The  Foientinl  at  all  partt  of  a  oonducter,  or  of  anff  number  of 
e^nthietort  in  eleetrieal  communicatioti  ie  the  tame  however  they  may  be 
electr^ed  or  undrr  whatever  ciroumttanoes  they  may  be  placed,  provided 
mlumyt  it  be  understood  that  the  electricity  in  them  it  at  rctt—that  it,  that 
they  are  in  an  electrottatic  conditum.  Alto  if  any  two  conductort  at 
different  potentialt  be  eltctrically  connected,  electricity  Jtowgfrom  tJte  one  of 
higher  to  the  one  of  hirer  potential  until  their  potentials  arc  e/jualised ; 
while  if  they  were  equal  to  brffin  with,  ctmnection  produces  no  effect  what' 
ever"  (§  32).  Particular  case  of  the  above  when  one  of  the  condactors  is 
the  earth  (§31). 

4.  Principle  of  the  action  of  the  (iold'Ieaf  Electroiscope,  especially  with 
the  netting  earthed  (§§  35,  36). 

5.  Use  of  the  electroscope  to  test  tbc  utrength  of  the  potential  of  b 
conductor  (§  40)  and  to  check  Poisson's  Principle  (§  44). 

6.  Free  and  Induced  Potential  (§  41),  and  their  coexistence  (§  42). 

7.  Induced  charge  (§  45). 


EXERCISES  ON  CHAll'EK  II. 

1.  A  neutral  conductor,  A,  is  connected  with  the  leaves  of  a  gold-leaf 
electroscope,  bj  means  of  a  wire  running  from  it  to  one  of  the  terminals, 
S,  &  (fig.  8).  A  positively  charged  conductor,  B,  is  placed  near  A  :  how  will 
the  leaves  behave  ?  A  is  then  touched  by  the  finger :  how  will  they  now 
behave  ?  The  finger  is  now  removed  and  B  discharged :  how  will  they  now 
behave  ?    Give  reasons  for  your  answers. 

*2.  What  experiment  would  you  perform  with  an  india-rubber  air-bag  to 
illustrate  an  induced  negative  charge  ? 


1  AalBMlaladooadMlor  AtoBMlnU.  Ncat  to  It  to  bfoi^llii  a  poirfuvvl j 
<'lMUf«d  eoodaelor.  B.  A  it  tb«i  ao— ourily  UmttmA  by  lb*  togvr.  aad 
afi«rwards  B  b  monMUHly  tooohtd  bj  lb«  flagvr ;  B  b  Umo  IsImb  Avaj 
M)at«i40d:  wbfti  wiUiUelMlrkftl  atatobt?  AIm  wm  Um  poC«0tlal  of  ▲ 
tift«r  B  wiu  umobed  tbe  mum  m  If  B  bad  bMO  aoi  Mrtb«d  b«t  lalMiAfVBj  f 


4.  Yott  ftr«  pioTldad  wHh  an  Inwibit^d  maUl  ball,  an  •b«Ul«  lod,  aad  a 
alrida:  bowfroold]roaobarf0lbabaU/«fMi^yr    Bsptetevbatl 
it  Iba  M?afal  alagaa  of  Uia  prooHni 

5.  YoQ  aia  pfovfclad  with  a  ttlok  of  aaattng -wax  and  a  piaea  of 
liow  voold  yoo,   by  means  of   iboM,  obatft  a  foM  lai 
poidUveljrr 

A.  A  gold'laaf  elaolrofoope  U  placed  on  an  intuUtfng  rtaad  and  tkt  mf 
i  mrih$d,  Tbe  nottlBg  li  plaoad  la  alaolrieal  ooanesioa  with  a  nerttal 
oodoctor.  A,  mooalad  on  an  oboaita  tappoit  and  rtandinf  on  Iba  Inbte. 
Aposiavaijobarg«dooodQcior,B,iabaldnaarA:  bovdeibatoafiababavaf 
\  b  tbin  aartbod:  bow  do  tbe  loavaa  babavaf  Tb«  aartb  oonnaKJen  of  A 
14  next  brokaa  and  B  to  laken  away:  a«raia  bow  do  Iba  toavta  babnvaf 
Kxptoiu  all  Umm  aoUona. 

7.  (1900).>-0i?en  two  liMatot«<l  metal  •pbeiw,  A  and  B,  of  wbieh  A  to 
{KMlUvaly  cbarged  and  B  to  naatral,  sbow  bow  a  podliva  obarga  OMy  be 

ommonlcated  to  a  gold-leaf  eleetroeoope  by  meana  of  A  and  B  wilbovl  A 
loeing  any  of  ftn  obarge. 

8.  Two  preotoely  similar  gold-leaf  oleoiroeoopee  are  ptooed  a  kmf  way 
.pan  and  ibeir  oape  oonneded  by  a  wire.  A  poelUvely  cbaigad  ipbare  to 
then  broogbt  near  one  of  tbem ;  will  tbeir  Indioatione  in  any  wv differ, 
and  if  ao  wbicb  will  abow  tbe  greater  divergenoe  f  Atoo  wbat  eOeci  will 
be  prodooad  if  eitber  of  tbe  eleoteoeoopeB  be  moawntarily  tooobed  by  the 
Anger  and  tbe  ebaiged  epbeie  Ibea  remofed  f 


CHAPTER  IIL 
POTENTIAL  {continued)  AND  POTENTIAL  OR  A  DIEM'. 

46.  Condition  of  the  Dielectric  snrronnding:  a  freely  charg^ed 

Conductor.  Consider  a  freely  charged  conductor  surrounded  hy  a 
dielectric— say  air.  The  electrical  pressure  of  the  conductor  makes 
itnelf  felt  at  every  point  in  the  field  ;  in  other  words  each  point  of  the 
field  acquires  a  potential  which  is  -f-  or  -  according  as  the  charge 
on  the  conductor  is  +  or  -.  If  the  charge  be  +  the  potential 
l>ecomes  lower  as  we  recede  from  the  conductor,  if  -  it  becomes 
higher  ;  in  either  case  it  becomes  weaker^  and  under  ordinary  circum- 
stances is  inappreciable  at  a  distance  of  one  or  two  feet. 

To  prove  this  experimentally  we  proceed  thus  -.—Place  a  gold-leaf 
electroscope  two  or  three  yards  from  the  charged  conductor  and 
attach  to  it  a  long  copper  wire  with  a  small  brass  knob  at  the  farther 
end  as  in  §  40,  then  holding  the  wire  in  the  insulating  tongs  move 
the  knob  to  and  fro  in  the  field,  when  it  will  be  found  that  the  nearer 
it  approaches  the  conductor  the  more  the  leaves  diverge  ;  this  shows 
that  the  potential  of  the  dielectric  weakens  as  the  distance  increases. 

QUKSTIOX  : — What  addition  Is  required  to  the  experiment  to  prove  that 
the  potential  at  any  ix>int  of  the  field  in  of  the  same  sign  as  the  charge  in 
the  c^ndnctor  ?    (Cf.  Ex.  2,  §  39.) 

Every  one  knows  the  meaning  of  the  term  dctj^  or  gradient  as 
applied  to  a  hill,  and  in  the  same  way  we  may  speak  of  the  jtotential- 
ffradient  in  an  electric  field.  If  as  we  travel  in  imagination  through 
the  field,  we  pass  from  a  place  of  higher  to  one  of  lower  potential, 
we  are  on  a  down-gradient,  and  vice  versa  ;  while  if  the  potential 
is  uniform  throughout  any  part  of  the  field,  we  may  speak  of  that 
portion  as  at  a  dead  level  of  potential.  Poisson's  Principle  tells  us 
that  all  parts  of  a  conductor  are  at  a  level  in  this  sense. 

46 


Art.  a.]  POTBlfTUL  AJffD  POmmAL^RAMISTT. 


WbAt  hM  above  bttn  Mid  nuij  be  iprwud  tfm  >— Thafv  it  e 
i>o|floliai''gradieQt  in  tlie  dielectric  Nurruundinff  a  hmkf  eberyBd 
^-oodiiclor,  Ikt  dbim  gradient  btimg  aacoy  from  tk§  comdmetor  •/  l4# 
/<iK#r  &ff  pomfim  tmd  lowordt  tl  1/  niyiUbW. 

All  tbe  remarbi  of  thie  ertiele  apply  when  the  cberged  body  ie  e 
lon-eondttctor,  only  of  ooune  tbe  potentUl  of  the  body  iuelf  U  now 
111  general  not  tbe  Mune  tbrousboiit 

47.  Condition  of  tho  Dialoetric  mude  a  fratly  ebaxftd  boUow 
conductor  Thie  i«  a  very  important  can  not  included  in  f  44L 
Conftider  a  completely  cloeed  boUow  ooodiietor--«^.,  a  tin  pot  witb  tbe 
lid  on^and  let  it  be  ininhited  and  freely  charged.    Then  tbe  air  (or 

tber  dielectric)  inside  will  esperienee  electrical  preantre  and  tb«e- 
!t>re  acquire  a  potential.  But  how  doe«  tbli  potential  vary  from 
|tuint  to  point  f  Now  it  can  be  proved  by  mathematical  rwnnning 
that  it  does  not  vnry  at  aU^  it  m  thr  mune  at  all  points,  •-*  —.rmrrr 
iM  the  mmtr  lu  that  of  the  actual  cotutuetar. 

The  Htudy  of  hollow  oonductoni  conatitates  rather  hii  im|)ortant 
Kninch  of  Cleetroetatica.  Tbe  form  commonly  employed  is  known  as 
f'tr^uiityt  itr-jtail ;  it  ix  simply  a  tin  imt  (fig.  li)  withmt  a  lid,  and 

houM  l>e  fairly  deep  in  comparison  witb  its  diameter,'  in  which  case 
the  potential  is  practically  uniform  at  soon  as  we  get  well  ioside  tbe 
|iot    Near  the  opening  the  potential  is  weaker. 

Indirect  exi>eriinontAl  proofs  of  tbe  above  theorem  will  be  found  in 
)'  M),  but  no  satisfactory  direct  one  can  be  devised. 

It  should  be  noted,  in  order  for  the  theorem  to  be  true,  it  is  not 
necessary  for  tbe  oonductor  to  be  of  continqotts  metal  plate ;  wirs 
game  answers  just  aa  well,  provided  that  the  meabea  be  not  extranely 

•  narsei  say  not  more  than  \  inch  square. 

lJaBO»a:~Aa  opsa  tin  pot  aboot  4  In.  braadand  9  ia.  high  islasalaled 
tod  charged  positively.    Trsce  the  ohaagss  of  potential  at  a  peiat  eoa> 

•  otred  to  sUrt  oatiride,  pass  throogh  the  mslal  nsar  tbe  bnitom.  tmrol  np 
through  the  middle  of  the  poC^  and  come  oot  at  the  moot)) 

48.  Case  of  a  Hollow  Condnctor  not  ftreely  ehargad.  Tbe 
theorem  of  the  prucodiDg  articlo  iii  equally  true,  if  instead  of  tbe  eon- 
duotor  merely  possessing  a  free  charge,  there  be  charged  bodies 
rmtside  it,  provided  that  if  it  be  in  tbe  form  of  an  open  poC«  such 

*  A  depth  equal  to  aboat  twioe  Ibe  diaowler  aaewers  very  welL 


4ft 
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[Art.49. 


bodies  are  placMni  well  l)elow  the  level  of  the  mouth,  8o  that  the 
electrical  preHsuri'  enuiimting  from  them  may  fall  on  the  metal  and 
not  on  the  internal  dielectric 

If,  however,  there  be  charged  bodies  innde  the  conductor,  the 
theorem  is  emphatically  n/)t  true. 


49.  Inductive  Displacement.  In  §  45  we  have  explained  how  by 
ctarthing  a  conductor  when  under  external  electrical  influence  an 
induced  charge  is  imparted  to  it. 

Let  us  now  consider  what  happens  when  the  conductor  is  itundaled. 

In  fig.  13  let  a  positively  and  freely  charged  conductor,  C,  be  brought 

near  an  insulated  and  originally  neutral  conductor,  A  N  B.    Then 

^  it  is  found  by  experi- 

r'^l^^  -4  ^  A^  ^  ^  B  ^  ment  that  the  portion 

(^^H  ^HHHHHHHBBf  N  B  becomes  po.sitively 

^^^^  V  charged  and  the  |)ortion 

■  ■  N  A  negatively.     The 

liest  way  to  prove  this 
is  to  have  the  conductor 
A  B  made  in  two  ap- 
proximately equal  parts 
(mounted  on  separate 
supports)  and  allow 
them  to  rest  against 
one  another ;  if  while 
under  the  influence  of 
C  these  part«  be  separated  and  then  removed  from  C,  and  tested  as 
in  §  39,  the  end  B  will  indicate  a  positive  and  the  end  A  a  negative 
charge.  If  now  (while  still  away  from  C)  the  two  parts  1x5  made  to 
touch  each  other  and  again  tested  either  separately  or  together,  they 
will  l)e  found  jKjrfectly  neutral. 

The  conductor  A  B  may  be  of  any  shape,  and  it  is  frequently 
convenient  to  employ  two  insulated  metal  balls,  A  and  B  (not 
necessarily  of  the  same  size),  and  which  may  either  rest  in  contact 
(fig.  14)  or  l>e  connected  by  a  wire  (fig.  15).  When  C  is  placed  as 
shown,  the  near  one  A  becomes  negatively  and  the  far  one  B 
positively  charged,  while  the  two  together  are  not  charged  at  all. 

Now,  all  this  is  readily  explained  as  the  result  of  electrical  pressure 
acting  from  C  across  the  dielectric.    To  make  it  clear,  let  us  (taking 
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,  rhar>;r      Ihu-      a«  • 

«|uir»Hi.   Rtid    wh«»n 
i'  being  UWA>')  they  are  bruUKlit    tn^^ithcr  aptin.  th 
no  eitemal  influence  to  maint.tin  thf  <)i-i>l:i<M-Titf-iir.  ' 
It  reenters  A,  making  good  t ! 
KxBnciaa:— 1.  What  would  l    . , 
liaryed  hrf^ft  aeiianitinK  A  and  Jl  * 
It  in  very  important  to  c\\<-' 
1m ve  no  charge,  and  abo  that 
A  B,  fig.  IS  is  brought  under  iiuiuctnu  m' 
,rKnU  r^eeirea  no  charge.    To  »pe«k.   th»  : 

in  done,  of  such  a  condu  luetiotrU 

;  the  ni(Nlerii  statemen'  ^mdmH&rit 

iilf  the  cumimetor  as  a  f  '  >  indmetifv 

tt  it  fur  iiioiv  af>f»rupria' 
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ftO  KLKCTB08TATICS.  (Art.  49. 

Another  |K)int  .should  In-  very  curefully  iiotnl.  /irjiotxUv  itnuiuctor 
A  N  B,  fig.  13,  or  bills  (fiK's.  11  and  15)  are  placed  in  the  tield  the 
|K>t€ntial  near  C  is  higher  than  that  farther  away,  liut  as  won  as 
»x)nducting  material  trtken  the  place  of  the  dielectric  no  such 
difference  of  iM>tential  can  exist  (Poisson's  Principle),  so  that 
the  )K>tential  on  the  near  .side  of  A  is  just  the  same  aM  on 
the  far  side  of  B  ;  indeed  the  potential  is  the  same  throughout 
the  entire  material.  The  displacement  of  electricity  from  A  to 
B  may  be  regarded  a8  easing  the  electrical  pressure  on  A  and 
increasing  that  on   B,  so  that   whereas  hf/ore  the  flow   there  was 

a  dirt'ereui-c  of  pressure, 
JP.         .F'  after   the   flow   there   is 


V'         \  ,    none,   the   i>otential    be- 
i  »       comes  uniform  through- 


S 


^Kt/^Kf  '^...'''  ^^---^'         <>ut  and   of   some   value 

^^fl^^  intermediate  between 

those  of  the  dielectric  at 
g  and  Q'  (fig.  16),  prior 
to  the  introduction  of 
the  balls.  It  is  this 
uniform  [X)tential  which 
^^^'  ^^'  constitutes   the   induce<l 

IK)tential   (§    41)   of   the 
Ixills.     ^ 

If  the  inducing  ln>dy, 
C,  be  negatively  charged,  all  the  foregoing  remarks  apply  with  the 
necessary-  changes.  By  §  46  the  |X)tential  of  the  dielectric  on  the  far 
side  F  Q'  K'  (fig.  16)  is  now  greater  than  on  the  near  side  P  Q  R ; 
hence  when  the  balls  are  introduced  the  displacement  of  electricity 
occurs  from  B  to  A,  so  that  A  acquires  a  positive  and  B  a  negative 
charge,  while  both  acquire  a  uniform  induced  negative  potential. 

If,  in  fig.  15,  B  be  the  rod  and  leaves  of  an  electroscojK;  instead  of 
a  ball,  the  divergence  of  the  leaves  indicates  the  common  potential 
of  A  and  B.  But,  as  above  explained,  electricity  has  been  displaced 
from  A  to  B,  thus  easing  off  the  electrical  pressure  of  A  and  making 
it  slightly  lower  than  that  of  the  dielectric  which  originally  occupied 
A's  place,  hence  the  divergence  does  not  accimUely  measure  the 
potential  of  the  dielectric  at  that  place. 
Taking.the  case  of  a  single  conductor,  as  A  B,  fig.  13,  then  while 
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iniinUtwi  and  under  the  influence  of  a  •»•   indiidiif  cImuvh  on  C 

it  Imm  a  •«-  induced   |ioi«ntiAl.    If  it  be  then  nrtlml 

.  I. .  tri<  ity  rtinH  out  of  it  to  reduce  it«  pntontial  to  Mits  Ihi 

a  1. 1>.  It     Thit  becomee  Ibe  cMe  Alrndjr  cat— plated  (f  45\  Om 

ileliat  being  the  ncipaive  induced  charge. 

It  thould  be  nolioed  that  in  no  mie  i»  it  nectMuy  for  the  imdmemg 
u^lv  (Mobi*A  condurtor.  It  in  iM»tiietim««i  Mid  thai  the  body  A  B 
■  t.  fr,i  uittm  uiUMt  lie,  but  tliiM  in  nut  tlie  ciuir.  If  A  B  be  an  in*ithit*rr. 
iiuluctive  displaceniviit  occum  in  the  aame  wajr  ae  f or  a  eoodneter, 
l>ut  to  a  lew  extent  Murvover,  ftMrUUmg  an  inauktor  dota  not  tednoe 
itA  iiotential  to  lero,  though  it  luay  more  or  leaa  ««ak«i  il ;  llw 
induced  charge  ($  4A)  iji  therefore  much  leaa. 

I II  the  (»lder  text-boolui  a  view  of  inductive  actioii  waa  ooauBonly 
lOven  depending  upon  a  theory  of  ao-talled  **boQiid'*  and  **free'' 
fharges ;  tbia  theory  ia  now  known  to  be  erroneous  and  b  here 
iiKrrrly  mentioned  to  caution  the  Ntudent  againut  it. 

KxKlM.-ti»B :  —2.  (1903.)  Kxplain  what  U  meant  bj  dilfereore  of  poUaiial. 
How  are  the  charge  aotl  tbr  pot«>ntiaI  of  an  inselated  body  allertd  bj 
brioging  a  pMitiw  charge  near  It ! 

50    Ko    IndnctiTe    DiipUeement    in    a   Field  of  Uailbni 

Potential.      Tho    urKttini'nt    of    §  49    tthuwH    tlutt    inductive    dia* 

[l  r    t,,.  t  •    i.   .111.    to  one  |iHrt  <>f  the  conductor 

.     IS   .  ,  i  .  .  11  of  the  rteia  rgu  (fi^.  i«x 

vsli  ii    sv.iH  oriKinally  at  diJFrrmt  jH^lmluU  from 

til-     !  »•    I**  (^'  K'  iH-cupie*!  by  another   |M>rtiun. 

h.  tl,.  I.  fori',  the  ori^nal  field  l»e  one  of  uniform 

!    '  iiiul.  there  will  U>  no  inductive  di^tphicement 

i      >   in  fig.    17,  when  an   insukted  uncharged 

I  ^  iM    \  :    introduced  into  a  charged  metal 

I        I  \|)erienceM  the  same  electrical 

iiv  iiii  <  It^it  there  ia  no  influaooe 

Imik  to  <ii  .ity  from  one  pari  of  it 

•luirea  aay  kind 

uodisplaoement, 

ify  the  electrical 

of  the  haU  %M 

Itrtiteiy   the  mmf  <w  that  uf  tht  air  U/ore  it* 


th.  ... 


th.tt  .,/'  tk^  pot. 


rP  BLlOraOSTAXIOB.  I  Art.  60. 

coiiiuri  the  Uill  to  some  neutral  conductor  outjtii/f  the  i>ot,  and 
therefore  ill  ii  n'K'i«"«  <»f  different  potential,  di»plnceinent  occurs ;  if 
then  the  connect  ion  In;  )>r<)ken.  and  the  hall  taken  out  and  tested, 
it  will  Imj  found  to  possiss  a  charpe  of  op)K>8ite  k'»nd  to  that  of  the 
pot 

BXEBCISK:— 1.  Two  insulutcd  tnetul  ball-  arc  set  teaching  one  another 
invide  a  Urge  tin  caae,  and  the  door  is  tin  u  - 1  i.  i.  The  case  i«  provided 
with  a  small  hole  in  the  side  near  the  bottom,  und  through  thiit  passes  an 
ebonite  rod  which  is  attached  to  the  base  of  tlic  support  on  which  one  of 
the  balls  is  moanted,  the  object  being  to  permit  of  separating  the  balls 
without  earthing  the  case.  The  whole  lb  placed  on  an  insulating  stand, 
And  a  strong  positive  charge  given  to  the  case.  The  balls  are  then 
separated  by  means  of  the  ebonite  rod,  and  then  taken  out  and  tested  bj  a 
neutral  gold-leaf  electroscope.     What  will, happen  ?    Give  reasons  for  jour 


The  following  is  a  standard  exiierinient  in  illustration  of  the 
j>rinciple  of  this  article : — Take  a  large  gauze  cage  provided  with  a 
door  and  put  a  gold-leaf  electroscoiK*  in.side  it  so  that  the  earth-plate 
(Q  Q'f  fig-  8)  stands  on  the  metal  work  of  the  cage  while  the  cap  does 
not  touch  the  cage,  but  is  simply  surrounded  by  the  enclosed  air. 
Shut  the  door,  place  the  whole  on  an  insulating  stool,  and  charge  the 
cage  strongly  ;  the  leaves  of  the  electroscope  do  not  diverge. 

The  reason  is  as  follows  :— The  cap  and  leaves  are  surrounded  by 
the  air  within  the  cage,  and  therefore  just  like  the  ball  A  in  fig.  17, 
they  acquire  the  |)otential  of  the  cage.  Also  the  netting  being  in 
conducting  conmiunication  with  the  cage,  acquires  the  potential  by 
Poisson's  Principle.  Hence  the  leaves  and  netting  are  at  the  same 
potential,  and  therefore  (§  35)  there  is  no  divergence. 

EXERCISES:— 2.  If  the  electroscope  is  in  the  condition  just  explainctl, 
and  we  push  a  long  brass  rod  with  a  brass  knob  at  the  outer  end 
through  one  of  the  meshes  of  the  cage  (taking  care  that  it  does 
not  touch  the  latt«r),  and  make  it  touch  the  cap  of  the  electroscope, 
Itow  will  the  leaves  behave  (i)  when  the  rod  is  insulated  ?  (ii)  when 
earthed? 

3.  In  the  preceding  question,  if  the  rod  be  afterwards  removed,  will  the 
Jaavesof  the  electroaoope  be  chargetl,  and  if  so  in  what  way  ? 

4.  Two  oDcbarged  brass  balls,  A  and  B,  each  mounted  on  a  long  ebonite 
handle  are  hekl  inside  a  neutral  insulated  metal  pot,  and  made  to  touch 


Art.  ftl.]  liiTKXTUI.  AXU  rOTntTUL-i)BADIt)CT. 

t  u<  h  oth.  r  bot  ooc  Uio  |»>i     A  pfwMwIj  ehanrad  Ml,  C,  >• 
|mH,  and  whilr  liwn  tlM  tmlU  A  And  B  am 
iniwn   fnmi  th«   |ioi.     Will  eilber  of  tbeai  b«««  a  cbMil«f 
(H«6  I  in.) 

In  iHnrtiov  it  i«  iM>tn<*titii«*M  iulvt«»bl««  to  iirrr^ii  oflT  an  rlrrtrrMn>pr 
fniiii  tlie  nrtioii  of  vltTtrifif*!  ImmUcn  in  the  npigMMmrhiMMl.    To  do 
tluM  it  Ruffici<«  to  cov(*r  tht^  iiintniment  with  a  metal  mgc  wbnap 
li.w.r  .-h'..  r."«f>i  .in  tho  tahle  on   whi- J»    »*"•  «»lertro«iconc  «tJin<lft ; 
;<KM^>p©  unchiirKed.  of  th«»  cajrp  in  ( j  4A) 

iit  iiiiitoiiii  ]-it<-iitiiil  (jH*ro)  and  the  urttiuK  m  tho  aame  ao  that  no 
dtveixi'tuv  occur**.    Kvfn  if  the  cleetroaeope  be  cfaanred  Ibe  tMiffwat 

f>nilirn  \\T*>'\  flfcct  U|lon  it. 

61.  No  Charge  on  the  Inner  Surface  of  a  Fratly  Ilietrifled 
Hollow  Condnotor:  Kmptying out  Winn  un  uncharged  hall.  A,  i^* 
)i«'iil  iiiHidc  n  freely  charged  pot,  R,  an  in  fiR.  17,  we  have  aeen  in  the 
|in*<n*«linK  article  that  the  potential  of  the  liall  in  eqnal  to  that  of  the 
|M>t.  If,  therefore,  we  make  the  liall  t4Mich  the  in-tide  of  the  pot  we 
Aw\\  lie  merely  connecting  two  conductor?*  which  to  hcgin  with  are 
at  txiutti  iMitentiala,  ami  therefore,  by  PoiHMin'n  Principle,  nothing 
whatever  will  happen,  there  will  lie  no  flow  of  clei>trioity  either  from 
thi*  fK)t  to  the  Imll  or  vice  vrrm^  and  actx>rdingly,  if  we  take  the  hall 
••«t  it  by  a  neutral  gold-leaf  electroscope,  we  shall  find  it  to 
(I ft  nruimi.  Now  the  ball  while  touching  the  inride  oC  the 
pot  ia,  oleetrkmlly  conaidered,  Kiniply  a  part  of  that  inaide ;  tlie  fact 
tberefora,  that  when  taken  out  and  tented  it  ia  found  to  poaMai 
no  charge  provea  that  there  ia  no  charge  <m  Ike  inside  tm'/it*  of 
ft  frrtty  ft fftritit^l  hollow  condnetor:  the  entire  excem  or  deficit  of 
rUvtriiity  nj*i«i«  •♦  on  the  outside  ntr/aee}  Thi>i  fact,  which  is  of 
Kn-aii  iiii|>ortanc««,  is  one  of  several  which  were  originally  discorered 
»iy  Farulftv  in  nvHiK«ct  of  hollow  conductors.  It  is  scarcely  needfnl 
to  |.oii»t  out  tliMt  it  is  only  tme  for  plaoea  well  inside  the  pot,  it  is 
not  true  nwir  the  etlgc ;  if,  however,  the  pot  were  fnrniabed  with  a 
iiioul  litl,  so  ai»  to  fonn  a  c«»mpletely  dosed. condnclor,  it  would  be 
true  throughout  the  entire  interior. 

'  Wo  may  hem  monUoa   what  will  reosivo  fall  oooskiofatkm  ia  iho 
next  chapCor— «<r^  that  thoce  is  no  ohaigo  in  the  mMwml  mmUriml  ol  mmf 


64  KKKCTHosTATlcs.  [Art.  62. 

It  HhouUl  l)e  carefully  noted  that  if  the  Imll  Ikj  ohar^cni  to  V>egiii 
with,  and  then  made  to  touch  the  innide  of  the  pot,  it  makes  no 
•  ncf  in  the  final  result.  The  charKe  on  the  ball  h  com;jlftely 
trrrnl  to  the  jwt,  jtassinK  throuKh  to  its  outer  surface,  and  this 
is  true  even  if  the  jwt  Ikj  charKwl  at  the  outset,  no  matter  how 
strongly.  This  process  is  known  as  emptyiwj  out  t/u  rfuirne  from  the 
l»all ;  itiii  the  only  known  method  whereby  a  charge  can  ha  cotnjdet/'lf/ 
transferred  from  a  conductor  to  another  insulatetl  conductor  :  if  the 
ball  be  made  to  touch  the  outside  of  the  pot,  or  of  another  ball,  the 
chargQ  in  thared  f}etween  thent.  This  emptying-out  process  will  play 
an  important  part  in  .some  .subse(|Uent  .sections. 

On  reviewing  the  foregoing  arguments  it  will  be  seen  that  the 
absence  of  charge  on  the  inner  .surface  of  the  conductor  is  a  necessary 
consequence  of  the  uniformity  of  iM)tential  of  the  internal  (lielectric 
Now  in  §  48  we  have  letimed  that  this  internal  iK)tential  is  also 
uniform  when  the  conductor  is  7iftt  freely  cliarged,  jn'ovided  tliei'e  are 
wt  chained  ftodies  iiutide  it  :  hence  in  tJie  latter  cwte  tdgo  there  will  he 
no  charge  on  the  inner  surface.  This  can  easily  be  proved  experi- 
mentally by  touching  the  inside  with  a  brass  ball  mounted  on  an 
ebonite  handle  and  carrying  it  to  a  neutral  electro.scoi>e. 

EXKBCISB  (19(>2):— A  metal  funnel  rehts  with  its  upper  edge  in  contact 
with  that  of  a  hollow  metal  cylinder  of  .such  length  that  the  end  of  the 
stem  of  the  funnel  i.s  near  the  middle  of  the  cylinder,  which  is  supported 
by  an  insulating  clamp.  Some  shot  charged  positively  are  poured  through 
the  funnel  into  an  insulated  metal  vessel  some  distance  below  the  cylinder. 
If  the  cylinder  and  vessel  are  unchanged  at  the  start,  what  will  be  their 
final  charges  T 

52.  Hollow  Conductor  with  a  charged  body  inside  it : 
Faraday's  Ice-Pail  Experiment.  In  this  case  (§  ih)  the  potential 
of  the  internal  dielectric  i.s  not  uniform  and  the  arguments  of  the 
preceding  articles  do  not  apply.  The  ca-^e  must  therefore  be 
examined  separately  :  its  investigation  con.stitutes  the  most  im- 
portant of  Faraday's  "  ice-jxail "  experiments,  and  is  generally  known 
jis  the  ice-pail  experiment.    It  is  as  follows  : — 

On  the  cap  of  a  neutral  electroscope  (fig.  18)  place  a  neutral  metal 
pot.  Take  a  brass  ball  mounted  on  a  long  ebonite  handle,  give  it 
a  charge  which  we  will  supf)08e  positive  and  equal  to  Q,  and  hold 
it  in  the  pot   as  shown,  the  pot  will    then  acquire    an  induced 
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Itotontial  ({  41)  and  the  loiven  will  contiiquMtljf  Swm§^    Now 

mom  tbo  hall  about  iiunde  the  pot  lukinc  oare  that  it 

UNieh)  and  it  will  he  found  that  (m>  Ioiik  mm  w«  kaep 

il  well  helow  th«  l«vt*l  of  the  mouth)  the  divi 

reniaii  '  I,  than  nhowi nit  that  the 

|iut«it!  :iui<*|»cndent  of  the  poaitkNl  of 

the  bull  uiiUiii  It.     ThiH  im  an  ini|»ortant 

but  now  oome«  the  mtain  \wun  of  the 

Having  noticed  the  ditericence  just  mentkmad, 

ihv  IbiII  ttmeh  the  iniode  of  the  pot  no  aa  (|  61)  lo 

.    the  rharye,  <^,  ivinipletcly  into  tin*  Utter:  IA0 

-  - ,  ifffter  0/  lAf  team  ttill  mtt  in  tkt  iffUi  aitrr.     Now 

Alien  i^  in  em|Aietl  int4i  th«  pot  the  Utter  of  oaorM) 

.|iiirt  -  I  fj..-  |H.i,  iitl.il  ill  j.I.i. .  '.f  t!i.  ..litriii.i!  induced 

•,.-.  ..ii.l  ^iiir    !!,.    ImII  i>  r.Mi.pl.  1. 1'.  ,i!'.  li.ii^'.  .1  it  may 

Im  r,i,,..\.  .1  !i-.iii  th.  |...r  w  nli...!t  ii.i'ki!..'  my  difTerenee. 

( >iii    iih.il  •  oil.  his|..ii.  tli*ft<>i>.  1-  th.i;   when  n  halt 

hi  ft  HI/  (t  rhtttijr^    (^,   M  MU   irtthtH  n  metal  ftot^  the 

jtutrHtuU   nj    thr  lattrv  i*  thf  ikiiiir  a*  •/  the  inUi  were 

attwnt  ami  thr  rhmyr,   Q^  fieUmgtd   to  the  pot  iteeif.     There  iii, 

Tiowtiver,  anitthiT  ii.H|H'it  of   the  cane  to  be  conndeied— tul,  the 

't'trtjrx  on  the  inner  iind  outer  aurfaoea  of  the  pot  when  the  ball 

iH  held  within  it  UUtw  touching.    Theae  chaigea  are, of  eonrw, dne 

to  inductive  (liA|ilarfincnt,  the  oataide  of  the  pot  acquiring  a  poaitive 

charge  ( •»-  x)  and  inside  an  equal  negative  charge  ( -  jt),  and  tlie 

qneation  in  what  in  the  rehition  between  these  local  chargea  and  the 

charge,  Q,  on  the  ball.    To  Hcttle  thia  without  the  introdnction 

of  difficult  reaaoning  it  U  beat  to  reaort  to  another 

experiment : — 

Take  two  metal  pota,  A  and  B  (6g.  19X  of  which  B 
juat  fita  inaide  A  and  place  them  on  an  inaulntm;: 
atand  aa  hIiowii.  I^et  tbo  inner  one  K,  be  prnvitUxi 
with  H  xilk  thread,  (*C,  by  means  of  which  it  mn  lie 
lifted  out  of  A.  Hold  the  ball  with  the  charge,  -f  <^, 
inaide  H,  then  B  acta  as  the  inaide  soffaee  and  aeqnirea 
the  charge,-  x^  while  A  acta  as  the  outer  sorlaee 
and  acquires  the  charge  -I-  «.  Now,  still  holding  the 
liall  inside  H,  lift  B  out  of  A  by  the  silk  thread,  so 
til  .vr  H  with  the  rhiirffe  -  x  and  inside  it  the  ball  with 


W  ELECTROSTATICS.  [Art.  53. 

the  charge  +  Q.  Then  make  the  ball  touch  B,  and  aftcrwanU  teat 
the  pair  by  an  electroscope,  wh^n  they  will  be  ftmnd  f)erfecUi/ 
neutmJ.  This  shows  that  +  Q  has  neutralised  -x  and  therefore  Q 
ami  X  mu»t  fje  equal. 

We  therefore  learn  that  when  a  ImUI  luiviiuj  a  cluuye  +  Q  U 
M(l  itutule  a  nutul  jntt,  it  produce*  by  ituhictive  <Ji*j>l«ice7nent  an 
tywil  chnrtje  +  Q  on  tlie  outer  surface  of  the  fxjt  and  a  con'e*f)onfling 
r/iarffe  -  Q  on  tJie  inner  nur/dce. 

One  more  experiment  in  conclusion.  Place  a  metal  |K)t  on  an 
insulating  stand,  hold  within  it  the  hall  liaving  a  clmrge  +  Qj  ^-^^ 
touch  the  )>ot  with  the  finger  so  as  to  get  an  induced  charge  on  the 
lK>t  as  in  §  4.').  Then  remove  the  finger,  make  the  IwU  touch  the  pot, 
and  test  the  j)air  by  an  electroscope :  this  will  be  found  ])crfectly 
neutral,  hence  the  induced  charge  on  the  pot  must  have  Ijeen  -  (^, 
Earthing  the  pot  in  fact  nmply  removes  the  external  ctuirge,  leaving 
the  internal  umijfected.  It  should  be  noted  that  this  is  the  only  case 
in  which  the  induced  and  inducing  charges  are  equal ;  if  instead  of 
the  pot  we  use  another  ball,  or  if  we  hold  the  ball  outside  the  pot,  the 
induced  charge  is  lejw. 

EXBBCISES: — 1.  (1903.)  A  cliarged  insulated  confluctor,  A,  is  sur* 
rounded  by  a  closed  metallic  box.  What  experiment  would  you  make  to 
show  tbat  the  charge  on  the  inside  of  the  box  is  equal  and  oppONitc  to  that 
on  the  conductor  ? 

2.  A  metal  pot  is  placed  on  the  cap  of  an  electroscope.  The  following 
operations  are  then  successively  performed  ;  state  and  explain  the  final 
behaviour  of  the  leaves  in  each  case  : — (i)  +  Charged  ball  held  inside  pot 
and  then  withdrawn  ;  (ii)  +  Charged  ball  made  to  touch  inside  of  pot  and 
afterwardH  withdrawn  ;    (iii)  Pot    touched    by    finger,    finger    removed, 

•f   charged   ball   introduced,  pot  again  toached  by  finger,  finger  again 
removed,  and  lastly  ball  withdrawn. 

3,  (1901.)  Given  two  similar  insulated  metal  pots  and  a  small  charged 
metal  ball  suspended  V^y  a  fine  silk  ribbon,  how  would  you  charge  the  pots 
(a)  with  equal  charges  of  the  same  sign,  (b)  with  equal  charges  of  opposite 
sign? 

53-    Electric    Screens    and  Shadows.     If  a  charged  body  be 

placed  inside  an  earthed  metal  pot,  the  potential  of  the  ))ot  is  of 

coarse  zero,  and  it  is  therefore  incapable  of  applying  electrical 

pressure  to  the  external  dielectric  or  to  any  external  body.  In  other 

words  the  pot  completely  screens  the  external   region  from   the 
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Hi 


Hiinict)  of  intifiiAl  elactritbd  bodi«s  Uuii  fitliifc  m  lo  ai^mk^  An 
K-al  mIuuIuw  in  much  the  «Mne  w»y  a«  if  w«  were  to  pkev  a 
^..;^il  caiullu  in  the  pot  it  would  give  oo  light  ota«kiii* 

If  iiuitciul  of  »  |}ot  we  employ  m  broed  &ii  melftl  pkt«»  and  pkee 
t  he  charKtMl  Uidy  on  one  inde  of  it,  not  nenr  the  edge^  the  mstiam  is 
very  HiniiUr ;  them  iji  a  good  alectrienl  Hhndow  on  tkn  olhar  nidn  of 
thepktflu 

KXBBOttBi.:->l.  A  metal  poi  la  held  bj  iMoliUiag 
above  the  oap  of  an  eleotvonope.    A  ebaiged  baD  le 
pel;  how  do  the  leavee  behave?    The  pel  is  then  tonohed  by  the  titter ; 
egain,  how  do  the  leevee  behave  f 

S.  A  chaiged  ebonite  rod  is  held  a  few  laehe«  above  the  oap  of  an 
eleotfoeoope  and  a  broad  tin  plate  held  in  the  flngeri  U  th«i  Introdneed 
between  the  rod  and  th«  eleotrotcope.  What  effect,  if  any,  will  this  have  on 
the  leavM  t  AUo  what  will  be  the  effect  if.  Inrtead  of  a  tin  phite,  vre  nee 
nnr  of  Mnrleotrifled  ebonite  T 

w.  M:i.join  a  dlicttaion  of  the  following  Intereeiing  qneetion  from  the 
lUmnl  of  h:<lacatinn  Rlem.  Rzam.  of  May  18SH. 

"  The  oap  of  A  KoUl'leaf  electroMMpe  resting  on  an  Inenlntlng  stool  Is 
■  joined  by  a  wire  to  the  ga«-pipe.    How  will  the  leaves  be  affected  when 
-  a  ohaiged  glass  rod  is  brought  near  the  ele(*trosoope  f  " 
The  phrase  **  near  tbe  eleotroeoope  "  presomably  means  **  over  the  «ap^" 
Now  the  oap  being  earthed  is  at  iero>poteotlal,  so  that  (f  36)  evrrything 
<lo|tcn<l«  upon  whether  or  no  the  msUimf  be  also  at  sero>potential. 

Niiw  if  the  oap  be  of  the  nsnal  slse  (aboot  6in.  diameter),  the  netting 
1^  not  well  within  the  eleotrleal  shndow  of  the  cap ;  It  therefore  experl- 
.  ucv*  electrical  preesare  from  the  rod,  and  Its  potential  (the  rod  being  ••> )  Is 
raiMMl.  Hence  by  the  principle  of  the  instrument  (f  85)  tbe  leaves  dhecge. 
Hut  if  the  oap  be  verj  big  (say  2  ft.  diameter^a  pieoe  of  tin-plate  may 
be  laid  on  it  as  a  convenient  sobstitate),  then  the  netting  is  well  within  the 
electrical  shadow,  the  potential  of  the  netthw  lemaine  aero,  end  the  leave* 
«lo  ear  diverge. 

If  the  electroeoope  be  made  withoat  a  netting*  the  glass  and  dlii  on  it 
have  to  act  as  an  indifferent  sobetitote.  and  ite  bebavlonr  is  more  or  less 
after  above  fashion.  Bnt  it  is  somewhat  dUBonli  to  predict  how  a  5s^ 
instmment  erill  behave  onder  any  conditions  whatev«T. 


'  Of  counic  the  light  from  the  candle  would  »hio«  upw»nU  tbronfh  the 
mouth  of  the  pot  so  that  onlees  the  latter  was  protrideil  wtih  a  Ud  there 
would  be  a  HroitiHt  region  above  the  month  mmiln  shadow  :  U  <s  jnwtimlg 
(As  assM  iHtk  tk4  9U0irimU  eelisn. 
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M.  Further  Study  of  Charg^e  and  Potential.  \N  •  jiav*-  alrwuly 
l»uni«<l  i^^§  41,-11')  that  a  coiuluctor  may  liavc  a  potential  due  to 
\tn  own  clmrge  (i>.,  a  free  potential),  or  one  due  to  the  influence 
of  other  electrifiwl  bodies  (i>.,  an  induced  |K)tential),  or  l)oth 
ix)nil>ined. 

There  are  some  further  iK>intH  to  study  in  connection  with  the  free 
)Hitential  of  a  conductor,  and  we  shall  deal  with  these  in  the  next 
few  sections.  It  must  be  understood  throughout  that  the  con- 
luctor  is,  unless  the  contrary  is  stated,  supposed  free  from  inductive 
inHuence8 ;  it  simply  has  a  free  charge  and  a  free  ]K)tential  due  to 
that  charge. 

The  subject  of  the  next  section  is  very  iniiKjrtant,  both  in  itself 
and  as  a  preliniinar>'  to  the  further  studies  pro|»osed. 

65.  To  Test  the  Amount  of  Charg^e  on  a  Freely  Electrified 
Conductor.  In  §  40  we  have  explained  how  to  test  the  stre?u/th  of 
'lu-  jHjtr/UuU  of  a  conductor.     But  this  does  not  test  the  nmount  ofiU 

hanje  any  more  than  the  pressure  of  the  air  in  an  india-rubl>er  bag 
I  ests  the  amount  of  air  that  it  lias  above  or  below  its  stock  amount. 
How  then  can  we  test  the  amount  of  charge?  l^et  us  again  con- 
sider our  bags.  If  we  take  different  bags  the  increase  of  pressure  is 
found  to  depend  not  only  \x\)0\\  the  excess  of  air  force<l  in  but  also 
n|K>n  the  size  and  shape  of  the  bag,  and  u|K)n  the  thickness  and 
<iuality  of  the  india-rubber.  But  if  we  iKjrform  different  exi)eriments 
with  the  m,me  identical  /xtf/,  varying  only  the  excess  of  air,  then  the 
increase  of  pressure  depends  only  on  the  said  excess, — the  greater  the 
one  the  greater  the  other.  In  like  manner  if  we  perform  different 
experiments  with  the  sanie  identical  conductor^  varying  only  the 
charge,  the  strength  of  the  potential  will  de|K;nd  only  on  the  amount 
of  the  charge, — the  greater  the  one  the  greater  the  other.  Hence  we 
have  the  following  method  for  comparing  the  amounts  of  charge  on 
two  freely  electrified  conductors  A  and  B  whatever  their  size,  shape, 
et<j.  :— 

Take  a  tin  pot  and  set  it  on  the  cap  of  a  gold-leaf  electroscope. 
Kmpty  out  the  charge  of  A  into  the  pot,  as  in  §  51,  and  note  the 

livergence  of  the  leaves.  Then  discharge  the  pot  and  empty  out 
the  charge  of  B  into  it,  again  noting  the  divergence.  By  §  36  the 
divergence  in  each  case  indicates  the  |K)tential  of  the  conductor, 
made  up  of  the  pot,  cap,  rod,  and  leaves.    But  since  the  conductor 
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POrnCTlAL  A)rD  POTOTUI^EAMnrT. 


•   the  grenler  charge,     ilme*  Ukt  eomhteOfr,  wkitk 

itTttaMiameta  givf  the  ffrraOr  Jiverfftnef  kas  lk» 

For  |inicticftl  |iur|M)MM  thirr»  in  no  iHMWMity  to  mdte  oHlMr  oon* 
(lueCor  iomek  tli«  |Mit,  for  im  |inint«(l  out  in  |  AS  the  ftoUtitkl  of 
the  pot  in  the  mune  wbcm  it  ix  mm4tf  k^i*!  trrii  inmth  it.  Thin 
\m  a  i(Ttui  ailv»ntAj(e,  tiecniuie  we  can  tent  -  *ti  rluuKr 

without  allowinff  any  of  it  to  l«iw  th«»  -  !  wr  hm^f 

to  do  in  to  hfJtl  thr  etffulurfnrt  '■■  im^Arr  trW/   mt/Ai' 

pnt^ftn'f  thf  "fir  tftift  ftyimhtrrt  th'  'n'rrQmt*  hna  th^  tj, 


I  \iiK        i\ 


,U'»!     OUlUUlit.       IW"     :                                          .Ui«l 

^    mm\ 

•Po  Mtmngwl  a*  *\                           and    r*** 

W^^ky' 

^aUtoil  fr«ni  «M'h  •                              r,  A, 

^^B^ 

linnl  with  fur,  an<i                            1.  K. 

rn^Kk 

tiU  cloMljr  lnU>  it.     TIm:  ouUr  cm    It  in 

w^ 

ooiioect«d  to  an  olcotroaoope  br  »  wii^ 

^  «h(>wn,  or  may  dmply  stand  o? 

^^^^ 

It  tirinting  tlio  rod  R,tbe  1aa>' 

^^^^^ 

airergr,  •bowing  that   the    tot 

rif.*. 

iaaide  the  can  B,  that  b  the  • 

the  ebonite  and  for  together  ia  nil.  in  other 

woffda  that  the  negative 

and  podtlve  charge*  aie  equal. 

RxnoMt :— How  wUl  the  leaves  behave  If  the  ebonite  rod  be  with- 

•  irmwnf 

We  iiroceed  to  study  the  relation  between  charge  and  potential. 

56.  To  show  that  two  Conductors  may  have  the  Same  Potential 
hut  Different  Charges.  Take  two  inMulatod  coiiductom  ikh  exactly 
alike,  say  two  brass  spheres  ol  different  siaesi  give  one  of  them  a 
charge,  place  them  some  distance  apart,  and  connect  them  by  a  thin 
meul  rod  held  in  an  insiiUting  chun|),  no  that  the  chaifs  is  dirided 
between  them.  Then  by  Poisson's  lYinciple  they  have  the  same 
potential,  and  of  coarse  if  tested  aa  in  §  44,  thU  will  be  found  the 
case.    Now  separate  them  by  removing  the  wire,  then  each  relaina 
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its  potential  and  charge  unaltered.*  Next  hold  them  one  after 
another  in  a  metal  |)ot  Htanding  on  the  electro8co))e  as  in  §  Af),  when 
the  bigger  sphere  will  If  found  to  jtroduee  the  greater  divergence 
ahawing  that  it  ha*  the  ffrealer  charge. 

Soppote  now  the  charge  to  be  positive,  and  after  the  uphercH  are  nepar- 
•tidlet  a  small  extra  charge  be  given  to  the  Htnail  one,  but  still  leaving  its 
obaiige  leas  than  that  of  the  big  one.  In  this  way  the  potential  of  the 
small  sphere  will  become  higher  than  that  of  the  big  one.  If  now  the 
spheres  be  connected,  electricity  will,  by  Poisson's  Trlnciple,  flow  from  the 
small  one  to  the  big  one  until  their  potentials  again  become  equal.  We 
have  here  then  a  case  where  electricity  is  flowing  from  a  conductor  of 
tmalUr  charge  to  one  of  greater  :  this  is  a  common  o(?currence,  but  it  should 
be  carefully  notice<l,  because  students  are  so  apt  to  fancy  that  the  flow 
must  always  be  from  the  big  charge  to  the  little  one;  it  must  be  re- 
membered that  what  determines  flow  is  the  potential  and  not  the  charge. 
(Cf.  §  .32.) 

In  the  same  way,  if  we  have  a  small  india-rubber  air-bag  at  high  pressure, 
and  a  large  one  at  lower,  then  on  connecting  them  air  will  flow  from  the 
little  one  to  the  big  one,  although  the  latter  may  already  contain  the  greater 
quantity  of  air. 

67.  To  show  that  Two  Conductors  may  have  the  Same  Charge 
but  Different  Potentials.  This  of  course  is  a  neoe.s.siiry  con.sequence 
of  thi-  theortiii  of  §  m,  but  the  following  experiment  .shows  it 
directly  : — Take  two  precisely  similar  gold-leaf  electroscopes,  place 
on  one  of  them  a  small  tin  pot  and  on  the  other  a  large  one.  Take 
two  metal  spheres  of  exactly  the  .same  size,  make  them  touch,  and 
give  them  a  charge.  Since  they  are  }>oth  exactly  alike,  their  charges 
must  be  ef|ual.  Empty  the  charge  from  one  into  the  small  pot,  and 
that  from  the  other  into  the  large  one,  or  (§  55)  merely  hold  one  in  one 
pot  and  one  in  the  other  without  touching  :  tJie  electroncojie  in  connec- 
tion with  the  mnall  />o<  will  xhota  the  greater'  divergence.  Here  tJw 
tiro  ]M)t.*hav*>  equal  cfiargeft,  but  the  small  one  ha^  tlie  stronger  jxjtential. 

'  The  object  of  placing  the  spheres  at  some  distance  ajiart  and  connecting 
them  by  a  rod  instead  of  merely  allowing  them  to  touch,  is  to  ensure  that 
throughout  all  the  stages  of  the  experiment  each  $phere  timply  ha»  the 
potrmtial  due  to  it*  orcn  charge  \  in  the  higher  parts  of  the  subject  it  is 
shown  that  if  the  spheres  are  allowed  to  touch  the  potential  of  each  is 
complicated  by  the  presence  of  the  other;  while  in  contact  the  potentials 
wonid  of  course  be  the  same  by  Poisson's  Principle,  but  after  separation 
they  would  undergo  a  change  so  that  the  reasoning  would  not  be  valid  : 
practically,  however,  the  experiment  usually  works  very  well  in  this  way. 
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KlWHSa :— If  now  aa  iMaUlad  oofipar  viro  bt  m  fiMi  Um  om4<W 
•lurfaoo  of  Um  bug*  pot  to  tiM  iMlda  ntImw  of  Um  Mall  OM,  ham  mm  Ibo 
iwu  olootiotoopM  bebavo ! 

86.  To  ikow  that  tho  Ghtrf*  mi  a  fivoi  Oondietor  at  ghr«i 

Pot«ntiali  depend!  on  the  Hatnre  of  the  Sarroonding  Dielaetric 

i'ttkc    tuu    |irvciM:ly   aiiuiUr    conductor 

(fig.  31)  mountMl   on   ebonite   topporU, 

each  conductor  coniisttng  of  a  bmaa  ball 

(A,  B)  mmnounted  by  a  bran  rod  (P,  Q). 

Of   tham  •  »ra   let  one,    A    P»   be 

ii«rrr>urHl<  l>y  nir,  while  the  other 

y  '  '  nearly  the  top  of 

t  1)  1>,  of  i«raffiii 

wax.    I  in  ..r,  A  P.  a  chiir.-.  ^ 

and  then  i ...     liHtAnec  from  I'  '  ' 

and  connwt  the  ^'nd^  !*,  (^,  by  a  thin  ir  it-tnl  rod,  ao  that  the 

cliarge  may  be  divided  between  the  coinKn  i«>i^  and  each  aoqnire  the* 
Nuine  potential  aa  in  §  M.  Then  nefiarate  them  by  removing  the 
wire,  and  hold  them  one  after  the  other  in  a  metal  pot  Htaoding 
-»n  Hn  <>UHnru.Hco|K\  when  it  will  bo  found  that  tke  <me  ewnbedded  m 

^n-unx  jnrodmon  a  fprmirr  divergence  and  tMerrfore  koi  a 

'  trrfr. 

V  MHid  to  be  becauae  the  **  apedfic  inducttvity  "  or 

I  ca|iarity  "  of  paraffin-wax  is  greater  than  that  of 

iir,  but  thiH  is  niert^ly  taking  refuge  in  words  and  explains  nothing 

until  we  know  to  what  actual  property  of  the  dielectric  the  so<alled 

"H|>eci(ic  inductivity  "  corresponds:  this  is  diiciuaed  in  the  more 

a<l\.ui<«  •!  j«;irt>  <if  t!  '        t. 

Ill'     I  • '  iti  •  mi  >t  only  of  paraffin-wax  but  of  all  solid 

•  111  i  >.K    .  shellac,  ebonite,  etc,  is  oooaidenibly  gnxter 

tl..ii. 

Exi:>:<  I -I        If  tbe  two  ooadactoni  in  fig.  21  raoeiva  tqoMl  charges, 

which  w'.U  have  the  stronjrer  poteDtlal  ? 

50.  To  show  that  the  Potontial  of  a  freely-charged  Conductor 
ii  weakened  by  bringing  aa  Sarthed  Condnetor  Mar  it  Take 
an  in.>t(Llutt^tl  comiuctor.  A,  provided  with  a  innding-acrew,  and  con- 
nect it  by  a  copper  wire  to  one  of  the  terminala,  K,  8*  (fig.  8X  of  a 
distant  electroaoope.    Uive  it  a  free  charge :  the  leavea  div«ifa«  the 
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amount  of  the  divergence  intlicating  the  potent iul.  Now  luing  nuir 
the  conductor  A  an  earthed  conductor  B,  say  a  niet^il  Iwill  or  sheet, 
or  Himply  the  hand  :  the  leaves  of  the  elcctroHcope  will  he  seen  to 
diverge  k\ss,  and  the  divergence  will  diminish  the  nearer  B  approaches 
to  A»  thus  showing  a  gradual  weakening  of  A's  potential.  Of  course 
the  cKdiye  on  A  is  not  altered  in  amount  by  the  process.  We  hence 
learn  the  jtotmtial  of  a  given  conductor  haviiiy  a  given  charge  it 
toeaken/ed  bj/  the  jrregence  of  an  earthed  conductor  in  its  neighbour- 
hood. This  is  a  most  important  )»rinciple,  and,  as  we  shall  see  in 
§  72,  is  that  on  which  the  action  of  l>eyden  jars  and  other  condensers 
de^^nds. 

Now  as  to  the  explanation.  Let  us  suppose  A's  charge  positive,  so 
that  the  leaves  diverge  at  positive  potential.  Then  as  explained  in 
§  46,  the  earthed  conductor  B  accpiires  a  negative  induced  charge. 
The  latter  acting  across  the  dielectric  iKitween  A  and  B  imparts  to  A 
a  negative  induced  potential.  The  total  iK)tential  of  A  is  now  its 
original  free  [K)tential  diminished  by  the  induced  ojw,  so  that  its 
actual  potential  is  lower  (and  weaker)  tlian  when  B  was  absent.  The 
nearer  B  is  to  A  the  greater  is  the  induced  negative  charge  and  the 
greater  the  weakening  of  A's  potential. 

If  B  be  insulated  insteml  of  earthed  (and  uncharged),  it  still 
weakens  A's  pot^ential,  though  in  general  to  a  much  smaller  extent. 
The  explanation  is  similar.  Here,  however,  we  have  inductive  dis- 
placement on  B  instead  of  an  induced  charge,  and  the  weakening 
effect  on  A's  potential  of  the  negative  charge  on  the  near  side  of 
B  is  in  a  great  measure  counteracted  by  the  opposing  influence  of  the 
positive  charge  on  the  far  side.  It  is  clear  from  this  that  in  general 
the  bigger  B  is  the  more  marked  will  l^e  its  weakening  effect  upon 
the  potential  of  A,  and  that  in  the  special  case  where  B  is  a  very  thin 
plate,  so  that  the  near  and  far  sides  are  close  together,  the  weakening 
effect  will  be  practically  nil. 

ExuoiSflB : — 1.  A  charged  metal  ball,  A,  is  connected  by  a  wire  to  the 
cap  of  an  electroscope  and  the  leaves  diverge.  The  following  operations 
are  then  performed  in  succession ;  state  and  explain  the  behaviour  of  the 
leavM  in  each  case  :  (i)  A  large  uncharged  insulated  metal  ball  B  is  placed 
Bflar  A«  (ii)  B  is  touched  by  the  finger,  (iii)  B  is  taken  away. 

2.  A  (positive)  charge  is  given  to  the  cap  of  an  electroscope,  and  the 
leaves  diverge.  The  band  is  then  held  over  the  cap,  and  the  divergence 
m.    Explain  this. 
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What  wuukl  iMipfM  If  UmImmI  of  tU  iMBd  jm  Msplo^  m  iMibl«l 
iiiotiU  Iwll  f 

8.  In  f  89  It  WM  poialcd  o«t  tluit  ia  mIiiv  Um  ilw<f<neo|M  to  i«t  tlw 
cbarmci«r  of  a  ohMg*  OB  a  bo(|j.  It  b  not  qalu  mUkimiorj  lo  mljr  «|mi 
IMUtial  coIlapM  of  the  Imitm— w«  mnH  look  for  Inrwil  dlituwic^. 
«>iv«  at  l«aM  one  rmmtn  for  tliU. 

60.  IlMtrOttatto  CapMttj.  ( 'ollt^tiiiK.  im>w.  tbp  neveral  rrwultii 
•f  f  f  57, 5a,  Mid  50,  we  learn  that  tb«*  |Kit4rntial  of  a  fr«ely  electrified 
conductor  depends  upon  >- 

(I)  The  amount  of  ita  charge. 

(9)  Itii  iiixo  (and  MhafieX 

(3)  The  •    ••-    '.f  the  anrrounding  dielectiie  at  eiprewd  by  ila 
{iccific  ill 

(4)  The  iieigiiiMMirbood  of  other  eoodiiclon,  eapecklly  if  eartlwd. 
The  ratio  of  the  charfe  on  a  given  eondnelor  under  given  eon- 

»H  to  tin  potential  ia  called  ita  tUdntiaiie  eapaeiip,  or  hrieiy 

fitcity ;  it  ia  dear,  therefore,  thai  the  capadlj  of  a  eondoetor 

io|ieiKis  u|K>n  the  ktter  three  of  the  foregoing  four  itenw.    For  a 

•mductor  of  given  thape  the  capacity  is  in  general  greater  the  larger 

t  irt,  the  more  effectually  it  iM  surrounded  by  earthed  conductors, 

and  the  greater  the  8|)ecific  inductivity  of  the  dielectric ;  as  pointed 

out  in  $  58,  the  specific  inductivity  of  all  solid  dielectricK^^.^.,  gkas, 

HhelUc,  ebonite,  etc.,  is  considerably  greater  than  that  of  air,  so  that 

the  effect  of  Hurroundfaig  a  oonduetor  with  any  of  these  b  to  mcreaae 

itH  ni|i»u'ity. 

If  (^  ilenote  the  charge  on  a  conductor  under  given  conditions, 

\'  its  potential,  and  C  its  capacity,  we  have  by  de6nition  C  « «X 

and  therefore  (j  -  CV,  a  fundamental  rehUion  between  the  three 

•luantities  which  is  of  freipient 


61.  Work  and  iMrgy.  Whenever  a  mechanical  foroo  ia  easftad 
in  such  a  wsy  as  to  make  a  body  move,  work  is  said  to  be  done  by 
the  force  or  by  the  agent  which  exerU  the  force.  Thus,  a  bone  doaa 
work  in  pulling  a  cart,  and  a  steam-engine  does  work  in  moving  a 
train.  >M)en  a  stone  falK  the  weight  of  the  stone  (that  is,  the 
attraction  of  the  earth  upon  it)  does  work,  while  if  a  man  lifts  it  the 
man  does  work  ogainMt  the  attraction  of  the  earth  ;  and  in  general,  if 
a  body  be  phMwl  under  drcumstances  audi  that  a  force  P  ftds  on 
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it,  ftod  free  play  be  given  to  the  force,  the  latter  will  drive  the  iKxiy 
in  a  certain  direction  and  thus  do  work  ;  whilu  if  some  outride  force 
Q  be  introduced  so  a«  to  drive  the  bo<ly  in  the  direction  o|)j)o.site 
to  tliat  which  it  would  take  under  P'h  influence,  then  Q  does  work 
against  P. 

Mere  force  apart  from  motion  does  no  work  :  thus,  when  a  weight 
rests  on  a  table,  it  exerts  a  pressure  but  no  work  is  done.  Again, 
mere  motion  apart  from  force  implies  no  work ;  when  a  ball  is 
thrown  along  the  surface  of  smooth  ice,  work  has  to  be  done  to  give 
it  a  start,  but  afterw  ards  the  ball  will  travel  a  great  distance  without 
any  more  force  being  ai)[)lied  because  the  ice  offers  very  little  re- 
sistance to  the  motion  ;  and  if  we  could  obtain  a  jm-fecUy  smooth 
horizontal  surface  of  unlimited  extent,  and  the  resistance  of  the  air 
could  be  abolished,  it  would  go  on  moving  for  ever  without  the 
application  of  any  force,  and  therefore  without  any  work  being 
done.' 

It  is  very  imiK)rtant  to  note  that  the  motion  which  results  from 
the  expenditure  of  work  is  not  always  iicUud  bodily  motion.  If  we 
fix  a  nail  in  a  vice  and  file  it,  we  exert  force  and  do  work,  but  we  do 
not  move  the  nail  from  its  place.  It  will  Ije  found,  however,  that 
the  nail  becomes  hot.  Now  as  explained  in  treatises  on  heat,  heat 
itself  is  due  to  rapid  movement  of  the  i)articles  or  molecules  of  a 
body  :  in  this  case,  then,  the  result  of  the  work  done  is  to  cause  the 
molecules  of  the  nail  to  move  more  rapidly  than  before,  so  that 
the  work  jtroduces  heat.  It  is  a  very  common  tendency  of  work  to 
produce  heat,  and  in  all  machinery  precautions  have  to  be  taken  by 
oiling,  etc.  to  prevent  this.  If  the  bearings  of  any  machine  be  rough 
or  not  properly  greased,  then  when  the  machine  is  driven  say,  by  a 
steam-engine,  much  of  the  work  of  the  engine,  instead  of  producing 
the  proper  motion  of  the  machine  which  we  want,  produces  heat  in 
the  l)earings  which  we  do  not  want,  and  is  therefore  wasted.  This 
waste  is  the  equivalent  of  the  work  done  against  the  resistance 
or  friction  of  the  bearings:  by  having  these  smooth  and  well 
greased  the  friction  is  greatly  reduced,  and  the  work  done  against 
it  consequently  much  less. 

Whenever  anything  has  the  power  of  doing  work  it  is  said  to 
possess  etirnff/.      It  is  usual  to  distinguish  between  two  forms  of 

'  This  is  Newton's  first  law  of  motion,  which  is  fully  discussed  in 
treatises  on  mecbanios. 
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energy, /lolMiiMi/*  and  Kiwtfie.    To  nndawtand  Uw  dtotfiirtkwi.  let  m 

Uke  an  oxiiiii|ile  of  ench.  When  a  Dutch  or  **  Knuwiffttbrr  **  rkirk  u 
wound  um  th«>  Wi«g(bt  |io«etiea  the  |iower  uf  driving  the  clock*  and 
■o  doing  work— thAt  i«,  it  potmmm  Mutrfgy,  This  flnergy  U  doe  io 
the  fiu't  thet  it  if  rrtMni,  for  after  it  has  mo  down  it  enn  no 
drivv  the  clock  :  it  b  trntrmf  dw  fo  pomtum^  to  poeition  in  this  < 
rrtiitivr  to  thr  MgftA,  and  it  an  inetaoee  of  pottniUd  mungf,  Nrxt 
coimider  a  train  iipT>mfirhing  a  station  with  the  brakea  on.  The  train 
in  doitiK  ^ork  »  of  the  ralhK  which  work  ia  ooo- 

veru^l  int«>  h<M  •xnaMa  energy,  and  this  time  the 

energy  in  due  to  the  fact  that  the  train  it  moving,  it  it  emergp  dm  to 
moHom^  and  it  an  inttanoe  of  HnfUt  energy.    By  pnUniini  entr^  we 

iiean,  then,  energy  doe  to  rtiaiim  ptmium,  and  by  kituiic  i^uryy 
iliatdnetOffioCMfk  A  watch  tpring  when  wound  up  alTordt  a  good 
iiittanee  of  potential  energy  ;  here  it  it  a  queation  of  the  poaltioa  of 
the  eoilt  reiaiiw  Io  one  another. 

There  it  a  principle  fully  ditcutaed  in  bookt  on  mechanics  and 
heat  called  tb«  !••  of  Comsnrmtiim  of  gnerf^.whkk  aaserts 

that  energy  i*  >  tiUe\  it  can  be  trantforroed  from  one  con- 

dition to  another,  Init  like  matter  it  can  neither  be  created  nor 
(IcMtntyiMl.    ThuM  when  a  Mtone  falln  it  starts  with  a  certain  stock 

>t   |iotential    encrg>' ;   ait    it    dew^emht    thiM   gradually  disappears, 
I'^'ing  tmuMfonntHl  into  kinetic  ;  junt  lH?f<»re  it  Htriktv  the  gronnd 
theenerg>'  ift  all  in  the  kinetic  fi>nn;  and  after  it  has  M nick,  thin 
'  '\  kinetic  energy  i.n  changini  into  heat,  that  iit,  molecular  kinetic 
\ .     .'\  piece  of  iHial  |MM8eMj(eM  |M)tential  energ)'  due  to  its  ptmtum 
r   tn  the  fjriftjTH  of  the  air    to  the   fact,   that  i^  that  it  in 
i    I  iteti  fntni  the  oxygen  hut  in  ca}whle  of  combining  chemically 
witii  it:  Huch  energy  may  1m>  tenne<i  ** chemical  potential  energy.** 
When  the  coal  in  burned  it  combineM  with  the  oxygen,  and  this 
|Mitential  energ>'  ia  converted  into  hi^t     The  mechanism  of  a  loco- 
motive eiuibleii  UM  to  re-convert  »ome  of  this  heat  into  bodily  kinetic 
energy,  iim  shown  in  the  movement  of  the  train  ;  and  laatly,  when  the 
brake  is  put  on  this  is  again  converted  into  heat.    But  throughout 
all  theae  changes  there  is  neither  crtatiom  nor  dmhruetum  of  energy. 


•  The  student  to  whom  the  sebiaot  b  new  most  be  eaiefal  noi  Io 
between  the  word  pcUmtUl  as  here  lued,  and  the  tUHrie  pttmUmli  wo 
doubt  titrre  I*  a  reUtioa  between  the  electrio  poleotbl  and  poUatUI 
enerifv,  but  for  the  |irMeot  it  U  be«t  Io  dUragard  It 

M^'.  g 
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Energy  in  whatever  form  is  capable  of  mathematical  measurement 
in  the  sjiine  way.  The  unit  of  work  commonly  adopted  for  pnutical 
pur{K)8CJi  18  defined  a8  the  work  done  in  lifting  a  |)ound- weight  through 
a  foot,  or  (which  is  the  .name  thing)  the  work  done  by  a  |K>und- weight 
in  falling  through  a  foot :  this  unit  is  called  a  /(Hjtjxmnd.  For 
M-ientitic  purposes  another  unit  called  an  ery  is  often  employed  ;  it 
18  difficult  to  define  it  in  a  simple  way,  but  it  is  practically  e<pial  to 
1  *.»»*.»«  of  a  foot-iK)und.  Another  unit  called  a  joule  is  equal  to 
IO,(XX),000  ergs— 1>.,  al>out  *  foot-i)ound.  Still  another  unit,  chiefiy 
ustitl  in  connection  with  heat  and  called  a  aUorie^  is  about  42,(X)0,(XX) 
ergs,  or  3  ftx)t-i)ounds. 

The  work  done  in  lifting  W  pounds-weight  through  A  feet,  or  wlun 
\V  lbs.  falls  through  h  feet,  is  clearly  WA  foot-pounds. 

Exercisb:— About  how  manyjovlen  of  work  are  done  by  a  .steam -(*raiie 
in  lifting  a  blo<'k  of  stone  weigliing  balf  a  ton  to  a  height  of  ^^.fe<>t  7 

62.  Energy  of  a  Freely  Charged  Conductor.  In  any  process  of 
charging  a  conductor  work  lia.s  to  be  done.  If  it  be  charged  by 
friction  the  greater  i>art  of  the  work  expended  in  rubbing  is  wasted 
in  heating  the  mu.scles  of  the  arm,  etc.  ;  but  a  portion  is  stored  up  as 
energy  in  the  conductor,  and  when  the  latter  is  afterwards  di.scharged 
this  .store  is  transformed  into  heat,  although  the  anu)Uiit  is  generally 
very  small.  This  is  the  source  of  the-h«at  of  an  electric  si>ark. 
That  even  a  small  si)ark  is  hot  can  be  shown  by  briskly  rubbing  an 
insulated  metal  ball  with  fur  and  holding  it  over  a  gas-burner,  when 
the  gas  will  be  ignited. 

The  energy  of  a  cliarged  contluctor  is  an  instance  of  potential 
energy,  and  when  it  is  di.scliarged  it  h  transformed  into  kinetic 

If  a  charged  Ixxly  Ihj  held  over  light  substances  the.se  are  lifted  ; 
the  conductor  thus  does  work  by  virtue  of  its  i>otential  energy. 

The  energy  of  a  charged  conductor  may  be  likened  to  that  of  a 
distended  india-rubber  air-bag,  and  just  as  the  latter  dei^ends  jointly 
upon  the  excess  of  air  forced  in  and  its  pressure  above  tliat  of  the 
external  air,  so  the  former  depends  jointly  upon  the  charge  and 
potential,  in  other  words,  is  propartioned  to  their  product. 

Care  should  be  taken  to  avoid  the  i>opular  error  that  electricity  is 
itself  a  form  of  energy.  Heatj  as  explained  in  treatises  on  that 
subject,  really  is  energy,  but  electricity  is  no  more  energy  than  is  air 
or  water. 
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U  alioiilil  i»W»  he  MAioed  Uuit  tdl  ecHwiy  U  al  Uie  muno  emrmt*»ti 

•^m  it  UkM  or  wluOttvor  iU  iouiMk    EkKthrityU 

•  liflfbr«nt  fnioi  mattor,  And  imlwtiil  k  ■iwtbiuft 

<>t  iruin    uH-clMBicAl  pfHWira;  bol  ikm  mtftgf  of  » 

ti.r  i-  iH  tntly  OMiciMUiiail  as  that  of  »  Iknw.    TW 

V  ,**  MomeitiliaA  Miploytd,  ■imply  r»loni  to  tbo 

.,. '•"'•'- tiW/ooi  to  iu 


09.  Aiudogy  of  1  lu  lempinUaraMiALtvaL    it  »  «>ujj 

within  tho  kuH  few  Ui«  <iotio>plinii  of  paUnMi  m  oUelriad 

l*r«Mure  hM  been  '     !       iooely  one  had  noildnc  ^  •» 

upon  but  certain  dr>  initiona,  and  Ibe  pntmitial  waa 

apt  to  remain  in  tbo  iuiimI*  i>-  viiatyabetmctaoa 

with  no  pbyaioal  meaning  wi  i  baa  brng  been 

'-  be  cfMlom  to  ilhistrata  it  b>  unainfiea    Tbe 

•bjeet  of  tbeie  appeani  to  bv  I  .:  vieetrictty  tenda 

to  flow  from  a  conductor  of  high  to  \v  putmiuU.,  and  not 

luit'MMarily  from  one  of  big  to  one  of  Kot....  ^„*i,^. 

1.  AtHiioj/y  to  TrmftmUurr.    A  hut  body  ia  aaid  to  bavo  a  kigk 

trmpmraimr  and  a  cold  one  a  i<jw.    Hy  hmU  we  mean  that  inii 

which  when  it  t-uUsn  a  liody  maken  it  hot,  that  ia,  raaiiea  it« 

tMi>,  \s)ii)f  when  it  h^vvfl  the  body  thu  Utter  beoomee  oold,  thai  ia, 

i(^  t«  iu|^  luture  falU    Thus  if  we  |M>ur  cold  water  00  the  fire,  heat 

I«UMM  from  the  fire  to  the  water,  the  water  beeomea  heated  and  boiK 

while  the  fire  beoomee  oooled  and  partly  extingiiiihad.     The  mar 

ut/trr^Uurr  of  a  Itody  in  no  criterion  of  the  qiuuitity  of  beat  in  it : 

I 'MS  a  thimbleful  of  boiling  water  haa  a  highior  temperature  than  a 

II  .11  of  cold,  although  the  Utter  amy  contain  mora  heat.    Wlmt 

tiiiiiiKvs  the  (low  of  heat   from  one  liody  to  another  b  their 

'!■  1.  !h     of  tnnjirraturft  not  the  difference  in  the  oaiomifi  <tf  heat 

ti»  111 :  thuA  if  the  thiniblfful  of  boiling  water  be  stirred  up  with 

.  illon  of  cold,  heiit  will  How  from  the  former  to  the ktter. deepit« 

th-  lit  tliat  the  former  already  containa  leas  heat    In  this  way  it  \» 

ina<i<-  out  that  temperature  correaponda  to  potential,  while  beat  cikr- 

rvaponda  to  eleelridty.    Moreover,  when  two  bodiea  {e^  two  maaaea 

of  water)  at  different  tempeiaturea  are  brought  into  coolael,  heat 

flown  from  the  one  of  higher  temperature  to  the  one  of  kmer  until 

*hoir  tempefatureK   are   equalised :   thin  correaponda  to  Mason's 

I  rinoiplc. 


68  BUBOnosTATICS.  [Art.  63. 

8.  Analogy  to  Level.  Water  alwayn  tends  to  flow  from  a  place  of  high 
level  to  one  of  low.  If  a  vetwel  containing  a  pint  of  water  Rtand  on 
the  table,  and  be  connected  by  a  pijie  with  another  on  the  floor  con- 
taining a  gallon,  the  former  will  run  into  the  latter  despite  the  fact 
that  it  already  oontainH  lesH.  ThuH  after  a  fashion  level  corresjwnds 
to  iK)tential  and  water  to  electricity.  Moreover,  if  two  or  more 
ve-Hsels  containing  water  at  diff'erent  levels  !«  connected  by  pijHjs  a 
flow  will  take  place  l)etween  them  until  the  water  Htan<ls  at  the  same 
level  in  each,  which  again  corrcsjiondM  to  Poisaon'H  Principle. 

The  great  defect  in  l>oth  these  analogies  is  that  they  present  rudkiiuj 
tphitrvrr  to  cf/rrertjxnvl  to  the  dielectric^  which  is  the  essential  thing  in 
the  electrical  action  ;  in  this  respect  they  are  far  inferior  to  that  of 
the  india-rubber  air-bags. 

In  other  respects  the  analogies  are  apt  to  mislea^l ;  in  the  second, 
which  is  the  one  most  resorted  to,  the  weitjht  of  the  water  (whit^h  luis 
nothing  in  electricity  corresponding  to  it)  is  a  frecjuent  source  of  con- 
fusion ;  on  the  other  hand  the  analogy  lends  itself  well  to  the  concep- 
tion of  i>otential-gradients.  It  is  also  a  very  serviceable  analogy  in 
connexion  vniXi  energy  for  just  as  the  energy  of  a  he4ul  of  water  is 
projwrtional  to  the  product  of  the  quantity  of  water  and  its  height 
alxive  the  ground,  so  the  energy  of  an  electric  charge  is  itro|MMtional 
to  the  pnxluct  of  the  charge  and  i>otential. 


SUMMARY  OP  MOST  IMPORTANT   POINTS  IN  CHAI*TER  IIT. 

1.  A  freely  charged  bwly  produres  a  potential  (of  the  same  sign  as  its 
own)  in  the  dielectric  all  round  it,  wliirh  becomes  weaker  as  we  recede 

s^  46). 

2.  PoTKNTiAL-CJRADiKNT.  The  dielectric  outitUle  a  freely  charge<l  con- 
ductor Ih  a  region  of  )>otential-gradicnt,  which  in  the  case  of  a  jumilirr 
charge  is  a  down-grarlient  as  we  recede  from  the  ronductor,  and  in  the 
case  of  a  n^^^^ive  chatige  is  a  down-gradient  as  we  approach  it  (§  46). 

8.  The  interior  of  a  hollow  oondactor  is  a  region  of  uniform  potential, 

in  other  words  of  nil-gradient,  however  the  conductor  be  charged,  always 

provide<l  there  is  no  electrified  body  intide  it  (§§  47,  48).  the  ix>teDtial 

r  the  entire  internal  dielectric  being  equal  to  that  of  the  conductor  itself. 

4.  Indoctive  displacement  < '^  <<*> 
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5.  No  liKlttoU»0  dUpteoMDoat  la  •  iskl  of  unirorm  poiirttol  (f  fiu). 

8.  Tht^re  In  •«*  ekmtfa  oo  Um  iAAer  •orfacv  of  »  hollow  ooodoctor  uoilrt 
wluUr  -^UooM  It  b  piMMd,  pffavkl«l  tlMft  b«  tto  •locUilod  tiody 

<««M<  i«/i«##n/<4g/ Imrfdeb  the  Mime  woQUldvdM).    PrinclpU 

of  0mfiigtmf  Mil  (§  fil). 

7.  When  e  oondoetor  having  a  (prt»it!..  ,  .  imrxe  b  loelde  hei  not 
looohlng  AB  iaftobled  hollow  oonrloet<r  it  miiwiru  to  the  btler  mi  ladeoed 
potential  equal  to  the  ffoe  one  It  woold  haro  if  the  IneUe 
ahMttt  and  lieelf  poveMed  the  mid  ohnrge.  Abo  hj  taMleotlve 
nent  lu  outer  rarlkoe  aoqalrea  a  (poeltlve)  oharge  eqnal  to  thai  on  the 
internal  oonducior,  and  iu  Inner  an  equal  (nagatlve)  charge  (f  tsy, 

H.  Ueetrio  lueeneaad  ahadows  (f  Bi). 

f.  Melhodof  teetla«lheaao«itofeharge(f  fi6);oo«pMe  It  with  the 
method  for  testing  potential  (f  40), 

10.  Two  frMljr  olHUged  ooodoolon  maj  havo  the  mma  potential  het 
different  ohaigee  (or  the  Mae  oharge  hot  difltrMt  potent iab)  (4  ftS.  A7). 

11.  Bpeolllo  Inductivity  ($  58). 

IS.  Influence  of  a  ncighbuaring  conductor  (§  69). 

13.  The  eleetwetntio  eapnoliy  oC  a  ooadnptor  depends  upon  </j  «br  mmd 
»Mmf0e,  the  pvm§n9e  ^  0tk^  eamdutUn^  #y<eieWy  i/rarihni,  and  tkr  tfteri^ 

nduetirity  t/tke  tmrrommdimf  dMetftrie  (f  60). 

14.  Work  and  Koergy  (4  61).    The  energy  of  a  (reelj  charged  condodor 
>  proportional  to  the  prodod  o(  its  oharge  and  Ue  potential  (f  61). 

15.  Analogj  of  potential  to  temperatare  and  level  (f  63). 


BXRBCIK(>  <>.^    «  HAITER8  II.  and   III. 


I.  An  insulated  condnctor,  A,  b  hroogbt  near  the  cap  of  a  goMleaf 
electrceoope  which  has  been  eharged  positively.  State  and  explain  what 
will  happen  (I)  if  A  b  nnelectrifled.  (X)  if  A  b  charged  posiUvely.  (3)  if  It 
in  cliarged  negatively. 

Abo  state  and  explain  what  will  happen  if  A  be  earthed. 

S.  Dvoribe  an  experlaent  whereby  yon  coald  accnrately  prote  that 
when  one  kind  of  electriacation  U  prodooed  Ihe  opposite  kind  b  abe 

firoduced  in  eotukl  quantitv. 
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3.  An  electrified  meUl  ball  U  introdaoed  into  a  dry  glass  tube  dosed  at 
one  end,  and  then  the  tube,  being  held  in  the  hand,  is  brought  near  to  the 
cap  of  an  electroscope.  What  will  be  the  effect  on  the  leaves  if  the 
exterior  of  the  tube  (1)  is,  (2)  is  not,  covered  with  tin.foil  ? 

4.  The  extremity  B  of  a  wire  A  B  is  attached  to  the  cap  of  a  gold-leaf 
electrotoope.  By  means  of  an  insulating  handle  the  other  end.  A,  is  placed 
in  contact,  finit  with  the  blunt  and  then  with  the  more  pointed  end  of 
a  pear-shaped  insulated  and  electrified  conductor.  Describe  and  explain 
the  movement  of  the  leaves  of  the  electroscope. 

5.  An  electroscope  is  surrounded  by  a  cylinder  of  wire  ganse  which  is 
put  to  earth.  If  an  electrified  body  is  brought  near  it,  how  will  the  leaves 
behave  ?    Give  reasons  for  your  answer. 

6.  Under  what  circumstances  is  it  twhtsible  to  transfer  the  whole  of  the 
charge  on  a  conductor  to  another  insulated  conductor  ? 

7.  Describe  an  experiment  to  prove  that  two  points  may  have  the  same 
lK>t<>ntial,  though  one  is  positively  charged  and  the  other  is  either  uncharged 
orchargefl  n^ativelv. 

8.  How  could  you  show  experimentally  that  when  a  charged  conductor 
is  introduced  into  another  conductor  without  touching  it  the  charge 
induced  on  the  external  conductor  is  equal  to  the  inducing  charge? 

9.  Discuss  the  analogies  between  differences  of  level,  temperature,  and 
electrical  potential  respectively. 

10.  Two  brass  spheres,  of  which  one  is  heated  by  a  lamp  while  the 
other  is  surrounded  by  melting  ice,  are  connected  by  a  metal  rod.  If  it 
is  desired  to  make  electricity  pass  from  one  to  the  other  along  the  rod 
in  the  same  direction  as  that  in  which  the  heat  flows,  describe  the  nature 
of  the  electrical  arrangements  which  would  correspond  (1)  to  the  lamp, 
(2)  to  the  ice. 

11.  Describe  bow  to  arrange  an  experiment  so  that  a  conductor  charged 
all  over  with  negative  electricity  may  nevertheless  receive  a  further 
negative  charge  on  being  connected  with  the  ground  by  a  conducting 
wire. 

12.  An  electrified  body  is  brought  into  the  neighbourhood  of  (a)  an 
insnlated  conductor,  (fr)  an  earth-connected  conductor.  Describe  exactly 
the  effect  on  the  potentialK  of  the  electrified  bo<ly  and  of  the  uneieotrified 
coodnotors  in  each  caae. 
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13.  Two  eqoal  iawiUil<d  wnehvgwA  ■•tal  iphw ,  B  tmd  C^um 
At  oppiMlle  §Um  of  Mid  al  •qoal  disuooos  tnm  a  dMifi 
What  to  th«  •laelrkml  ftal*  of  B  awl  of  C.  awl  wImI  vOl  hmppm  U  Uw 
|ttrt  of  B  MavHt  to  A  la  coanaotod  by  a  flna  wire  with  Um  part  of  0 
fartliwl  from  AT 


H.  (IMHL)  Tba  maa  mmMUidii«  Ibt  fiold  Iwfia  of  m 
made  of  meul  with  glaM  wtadowa.    WImd  Iha  laitwi  b 
luaalatiag   •land  aod   tba  oaao  obaifod  witb  ataotfMtj,  b 
divarganoa  of  Iba  teavaa?    Wbao  iba  laatraaant  la  ptooad 
Inaalatad  and  cbargad  matal  veaaal.  b  tbero  any  diwaifinoaT    Oi 
for  jToar  aaawar. 

16.  (1990.)  Two  equal  oooduotiog  vpherM  are  chaifad,  one  witb 
fiodtiva  and  tbe  otbar  wItb  aa  equal  qoaatitj  of  nagailva  abdridtjr.  and 
Aft)  placed  a  certain  dbtanoa  apart.  A  tbifd  oondoetiaf  spbort.  wbkb 
la  Intnlatad  bot  unebarged,  b  plaeed  exactly  balf-way  batwaan  Ibaai. 
What  b  (i)  tlie  (lutrntbl.  (ii)  the  elate  of  elaotriftoation  of  tbb  bit 
spbere  T    Give  reaaona  for  yoor  anawer. 


CMAPTEK  IV. 
DISTRIBUTION  OF  ELECTRICITY  ON  CONDUCTORS. 

64.  The  Charge  resides  entirely  on  the  Outer  Surface  of  a 
Conductor  :  Biotas  Theorem.  In  §  51  we  have  seen  that  in  the  awe 
of  Ji  freely  charKed  h<>ll«)w  pot  none  of  the  charge  rcHides  on  the 
inner  surface,  and  that  the  same  is  true  even  when  the  jiot  is 
under  inductive  influence,  provided  there  be  no  charged  Inxlies  inside 
the  pot. 

Now  consider  a  freely  charged  solid  conductor.     Does  the  charge 

in  this  case  reside  on  the  surface,  or  does  some  of  it  ]>enetrate  the 

^  conducting  material  ?    To 

J//f^^  >^^  •■     answer    this   ({Uestion   we 

^m£      \  y^^fc  must  re-sort  to  exjieriment. 

J        ti^^lk^M^  M^n         J^^  insulated  conductf)r  (which 
\yy^WlB|^P  npg  /  n/  may  be  of  any  shajHi),  and 

^^  ^^^  \^  ^^^  B  and  C   are  two  metal 

covers  mounted  on  insu- 
lating handles  which  fit  it 
exactly,  and  meet  so  that 
when  placed  over  A  the 
whole  is  practically  a  solid 
conductor  with  its  outer 
surface  movable.  Now  fit 
B  and  C  over  A  and  give  the  whole  thing  a  charge,  say  by  touching 
B  with  a  charged  ball.  Then  remove  the  covers  B  and  C  and  test 
each  by  a  neutral  gold-leaf  electro8cof)e  :  they  will  be  found  charged. 
Again  test  A  by  the  electroscoix: :  it  teill  he  found  jterfectly  nnitml. 
Hence  the  charge  wa«  entirely  on  the  outer  surface. 

The  ex[)eriment  may  be  varied  by  charging  A  bf/ore  placing  the 
coven*  over  it    In  thia  case  the  charge  to  begin  with  is  of  course  on 
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\.  ubich  if  UmIm)  by  *  MUtml  eleetfoaeope  will  ndw  iJie  iwc* 
livonre.    If  now  wv  put  the  oovws  on,  and  aftarwmwla  iimdib  aad 

^t.  it  will  be  found  tbU  A  is  eonpMy  ii«itml,aU  its  originil 
t>  ir^M  iiAvinff  piMod  on  to  the  oovws.  Okarly  ths  only  om oT  ilbt 
cuven  in  any  OMe  i«  to  fnniiab  us  with  nn  onier  •nrfnoe  wUdi  cm 
be  removed,  lo  that  the  aziarior  aiul  interior  mty  be  wpttiHly 
tested :  bot  the  /aei  most  be  the  Mime  even  when  there  ere  no 
movable  ooverib 

The  experiment  above  described  is  known  as  Biot's  or  Csveodiih's 
experiment.  CVimbining  it  with  the  result  of  $  At,  we  learn  that  tn 
(lay  /rreijf  cKarytd  cumimetor,  wkrtker  mdiil  or  kUlow,  Ike  ekm^ 
rtmif  emiirdy  <m  Urn  ouimdt  sMr/oer.  We  shall  refer  to  this  result 
SN  Btoi*$  Tkeorem. 

By  a  uiodifioation  of  the  experiments,  Biot's  theofem  nay  he 
dhowfi  to  he  tnie  of  induced  charsss  or  of  the  loeal  ehafcea  due  lo 
i'  '  usement^  always  provided  that  if  the  eondnelor  be 

ii-  list  be  no  chanced  body  inside. 

KxBKciMM:— 1.  How  would  joo  do  it  f 

2.  In  eldotrioiil  —     '      nU  it  is  not  aniuiuil  loen 
t  wood  ooet««l  \v  I.  and  they  not  preciaelj  a^ 

ibroegboot     Wbv  in  huh  i     WouUl  it  mstter  whether  me  imiin  were  aoiid 
or  boUow  f 

It  should  be  observed  that  Biot'ii  theorem  is  moi  trm  o/imsmUUon 
under  any  drcumslanoes,  for  if  instead  of  a  metal  ball  and  coven  we 

tii|>Ioy  elN)nit<^,  glass,  etc,  a  charge  in  general  remains  on  the  IsUI 

•f.  r  ti...  .ovontare  removed. 

generally  experience  great  difficulty  in  reconciling  the 

i<  t  timt  tkwehtmrffeon  a  conductor  resides  exclusively  on  the  outer 

irfa(*e  with  the  fact  tlmt  lU  /xtt^nHai  is  the  same  throughout  the 
entire  material ;  it  niUHt,  however,  be  remembered  that  electrical 
pressure  primariiy  applini  to  the  surface  of  a  conductor  is  tnms- 
niitteil  throughout  iu  entire  niaterial  in  much  the  Mme  way  as  if 
we  liave  a  vesael  of  air  or  water  fitted  with  a  piston  and  apply 
nifchuninil  pressure  to  the  pixton,  that  itressnre  im  tranAmitte<l 
tbn»M^h  tho  entire  nisAH  of  nir  or  wnt«»r. 


65.    How  to  Test  the  Amoant  of  Charfe  on  a  giT«i 
Aroa  of  a  Conductor.    (  onxidfr  now  a  charged  conductor,  and  lei 
r  be  a  certain  |K>int  on  it.n  Mirfiirc.    Consider  a  given  small  area,  say 
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a  aquare  centimetre,'  of  it«  surface  immwliately  rotuui  V.  On  this 
area  there  will  exist  a  certain  |)ortion  of  the  charge.  Now  HUppoBc 
wc  wish  to  nie^isure  this  fjortion  practically.  To  do  so  we  nmst  have 
a  moans  of  takini;  it  off  and  examining  it  sepamt^'ly.  This  is  done 
j^  l»y  means  of  a  itroof-jtfarw^  which 

A— iiwimm...u-»««....i«ami>L.»%     is  simply  a  small   thin   brass  disc 
3  (fig.    23)    mounted    on   an    ebonite 

JTit-  ».  handle.    This  is  phiced  flat  on  the 

area  to  be  examined  ;  it  thus  for  the  moment  becomes  the  outside 
surface  of  that  portion  of  the  conductor,  and  by  Biot's  Theorem  the 
diarge  originally  on  the  area  in  questi<m  is  now  on  the  little  piece  of 
brass.  We  now  lift  the  latter  off,  being  careful  not  to  tilt  or  drag 
it,  and  it  carries  the  charge  with  it.  To  test  the  amount  of  the 
charge  we  adopt  the  method  of  §  r)5.  A  very  xvmll  tin  i>ot  (about 
1  inch  diameter  and  3  inches  deep)  is  placed  on  the  ctip  of  a  neutral 
electroftcoiKi  and  the  j)roof -plane  carefully  lowered  into  it :  tJw  anu/unt 
of  tli vei'f fence  of  tlw  leaves  indicates  t/w  amount  of  charge  on  the  Hni/Ut 
arefi  of  the  conductor  under  exaniinatifjn. 

Theoretically  the  brass  A  B  should  accurately  fit  the  ]>art  of  the 
conductor  on  which  it  is  placed,  for  otherwise  it  will  slightly  alter 
the  shape  of  the  conductor  and  cuuse  a  modified  distribution  of  the 
charge.  As,  however,  we  require  to  test  different  |>arts  of  the  surface 
some  of  which  may  be  flatter  than  others,  this  is  impracticable,  and 
it  is  usual  to  make  the  brass  flat.  Since  it  is  very  small,  the  fitting 
will  be  veri/  nearly  accurate^  and  quite  good  enough  for  all  practical 
purposes  unless  it  happens  that  the  fiart  of  the  conductor  to  be 
tested   is    jiointed,   like  fig.   11,   in.  ^ 

which  case  a  proof-cone  (fig.  24)  must  j^^  -  •  -"^^ -^^-^ ' ^^i^.^^iam^^mmm^ 

be  used :  this  resembles  a  proof -plane,    u 

except  that  the   brass  piece,  A  B,  ^'  "*' 

is  a  hollow  cone  made  to  fit  over  the  jwinted  portion.    Many  |)er8ons, 

however,  content  themselves  with  a  proof -plane  for  all  cases. 

86.  Diatribution  of  Charge :  Surface  Density.  Now  let  us  take 
a  freely  charges!  conductor  of  an  irregular  t<liai>e,  and  by  the  method 

•  A  '-rntimetrc  is  the  unit  of  length  in  the  French  or  metric  nyKteni  of 
•  lit;  it  is  equal  to  ,Yy  or  very  nearly  '{  of  an  inch  so  that  a  square 
)<•   iR  about  /,   of  a  square  inch.     The  rentimetre  plays  a  very 
iiupoi  taut  part  in  many  scientific  measurements. 


Art.  «.]      DUrrBIBOTtOlf  OT  ■UWlMIUItT  Oil  OOimCCTOlii 


,.i  f  I..-  i.r.v>..i;M.f  ^«rtion  c<Nii|iM«  the  dMirgw  per  ghien  hhUI  tree  el 

^  HtirfaML    A  good  fom  of  eoadaelor,  ptiieniiit 

i  >,  It  UmU  oC  fig.  II.    If  we  pkoe  the  proofiikiMOB 

tl.  t  of  tlieMrfMeMHltlieiiairrytttoUwpol»tlMleBVM 

"  liverge  bal  eliiiliUy,  if  we  try  the  oinred  pert 

f  w<i  try  tlw  epeitvie  th«T  wilt  not  diverfe 

'  ith  the  proof  ^  hofeoniee 

•<  pUne)  they  ^  rfemoatol 

nli-  ;  «'r  invt*n  amell  eree  U  gimteit 

n>iii^  '  t    Htill  leai  on  the  flet,  end  ail 

!( pnMsUeelljr  the  iwdde  of 


Thd  clmrge  |ier  giiren  kiimII  neralty  pur  KinerB  iiiiiJBWtW) 

imnedintely  round  any  |M»int  >«*«  of  e  eondnotor  ie  celled 

the  fUctrie  demmip  ur  tHr/n.  'riefly  the  d^milyetthei 

|M>int  ;  whet  we  hevo  1«  t  in  e  freely  cherxed 

*i*ui\nvtttr  lAgJrtmi^is  ;  i  fortums  tmd  leaM  ni 

fhr  fltil^  trkUe  %f  Iktrt  6«  am$  rfuNwrt  Au^owi  tlu  dennt^  in  tkem 

*    Ml7. 

In  the  eeae  of  a  rod  the  deneity  wouM  lie  found  eooiAdemhleaft  end 
iieer  the  ende  end  very  wmUI  in  the  middle ;  in  e  flat  eimilar  plale 
it  iM  great  at  the  edgee  end  imall  in  the  middle ;  in  a  rMiangnlar 
plate  it  is  great  along  the  edgee,  greater  iitill  at  theeomem,  and  anall 


O 


^--  -^  -x 


it  the  middle ;  and    in  a  sphere  it  is  uniform   all  orer.    Fig.  Sft 

•  xhihita  diagnunmatically  the  deneity  at  different  parte  of  sondiy 

•  ondaetore ;  the  inner  continuous  line  ahowi  the  eondoctor,  while 
the  dietanee  of  the  dotted  Kne  from  the  n4)Ment  poinu  thereof 
indieatee  the  density  at  thoae  reepeetive  poinia 

Students  are  ofl«n  liaMo  to  confuee  the  reanlta  of  this  section  with 
thut  of  f  44,  and  t<>  think  that  becanse  the  dimsi'ly  variMi  from  pkee 
to  |»la«f  then-forv  the  iMttcntial  doen  mi:  thin  in  n«»t  tnir .  the  |Milentaal 
i«  of  course  the  same  all  over,  in  eocordanee  with  IVnsmni's  Principle. 
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A«  alrrH«ly  swn  (rf.  §§  49,  51)  we  must  nol  attrilmtr  tlu'  iM»t<'iitiai  at 
A  |ioint  OH  the  conductor  merely  to  the  local  duirgf  at  the  iK)int  in 
qucHtion. 

llie  conception  of  electric  density  and  the  mode  of  testing  it  is  prccinely 
the  same  for  induced  chan^  and  for  the  local  charges  due  t^i  inductive 
displaoement  as  for  free  charges,  but  the  actual  value  of  the  density  at  any 
point  will  in  general  be  different.  Thus  in  a  freely  charged  sphere  (not 
near  other  conductors  and  surrounded  by  nothing  but  dry  air)  the  density 
is  uniform  all  over,  while  when  earthed  and  charged  by  induction  the 
density  is  greatest  on  the  nide  ncarcHt  the  inducing  bixly.  and  least  on  the 
side  directly  opposite. 

67.  Relation  between  Electric  Density  and  Potential  Gradient. 
Electric  Sparks.  In  §  '»l  wv  liavc  h'jirM«'«l  that  tluTi;  is  n<»  diar^e 
oi\  the  inner  Hiirfa<«'  of  a  liollow  (Mnidurtor,  and  have  also  seen 
that  this  i.s  a  con.se<HK'i)rc  of  the  unifornuty  of  ixjtential,  in  other 
words,  of  the  absence  of  fK)tential-gradient,  in  the  enclosed  dielectric, 
rhere  is  in  fact  an  intimate  connexion  l)etween  the  electric  density 
it  any  point  of  a  conductor,  and  the  potential -gradient  in  the 
dielectric  immediately  a((john'n/f  that  jxnnt^  the  one  l>eing  (so  long  as 
we  keep  to  the  same  dielectric)  simply  projjortional  to  the  other. 
Thus  when  a  conductor  of  the  shape  shown  in  fig.  1 1  is  charged,  the 
l»otential  of  the  conductor  is  of  course  the  same  throughout,  but  the 
|)ot€ntial-gradient  of  the  air  immediately  surrounding  it  is  steer)e8t  at 
the  iK>int,  P,  and  is  practically  nil  in  the  hollow,  (^  ;  we  may  then  say 
that  this  is  the  reason  why  the  density  at  P  is  greatest  and  at  Q  least. 
From  the  foregoing  principle  it  will  be  readily  seen  that  the 
density  at  a  given  point  of  a  conductor  having  a  given  charge  depends 
not  only  on  the  shape  of  the  conductor  but  also  upon  the  circum- 
^  stances  under  which  it  is  placed,  especially  a«  resjKicts 
other  conductors  adjacent  to  it.  (Consider,  e.g.,  a  freely 
charged  si)here.  If  it  be  surrounded  merely  by  air, 
which  is  the  condition  of  things  contemplated  in 
fig.  25,  the  density  is  uniform  all  over.  But  supjwse 
there  be  placed  aliout  an  inch  from  it  on  one  side  an 
earthed  metal  plate,  C  1)  (fig.  26) ;  the  ix)tential  of 
Fig.  2rt.  ^^^  sphere  on  the  right-hand  side,  B,  is  the  same  as 
on  the  left,  A,  but  in  travelling  across  the  dielectric 
to  the  left  we  shall  have  to  go  one  or  two  feet  before  we  come 
to  a  place  of  zero-potential  (§  46X  whereas  on  the  right  we  strike 
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Mio-polMitid  m  uotm  m  we  cosm  to  the  pkt0 :  «•  iImw  Imv«  a 
mach  rt— per  gittdieiii  on  U»e  righl  Umii  <mi  Um  Mt,  mmI  •reonliiiffly 
tho  t'lectiir  dwtHy  b  inaeh  grmtrr  at  R  tluui  at  A. 

It  \^ ill  ttlao  be  Men  that  tlie  fact  of  a  rondurUir  pcMMniiiK  a  nharp 
lioitit  doea  not  6y  ilW/c^tiaore  thnt  tKe  denaity  at  tKat  point  will  \m 
great,  beeanae  it  U  (|uit«  poaiiblt  to  plaea  the  point  in  Mich  a  aray 
that  the  potentialgmdient  in  the  dieleeCrie  ai^oiiiinff  it  ahall  be  tmmll 
For  example,  if  the  oondoetor  be  %  deep  metnl  poi  and  a  pin  be 
•oldered  on  the  bottom  of  it  inaide,  the  deoiity  at  the  point  of  the 
pin  will  be  nil  Or  oonaider  a  pear-ahaped 
conductor  with  a  metal  pkte  in  front  of  the 
point,  the  two  being  eooneetcd  by  a  wire  (wi 
in  fig.  i7X  The  portion  of  the  dielectric 
belweeo  the  point  and  the  pkte  may  be 
roughly  rBpuded  aa  the  interior  of  a  hollow 
oondnctor  and  therefore  (f  47)  the  potontkl-  |r^  r 

gradient  in  it  ia  amall,  ao  that  the  deoaily  at 
the  |ioint  ia  mall— it  may  in  fact  if  the  plate  ia  aitileiently  near  the 
|ioint  be  amaller  than  at  any  other  part  of  the  eondnctor. 

When  two  conductora  baring  a  oonaidorable  differenee  of  potential 
are  bmoght  near  to  one  another,  an  electric  Hparfc  paMoa  between 
theui,  the  inanlation  of  the  interrening  air  being  temponuily  bntkrn 
dowii,  no  that  they  are  practioally  for  the  moment  in  electrical  com- 
iiiuiiicatioo.  The  paaaage  of  the  aparfc  ia  due  to  a  atrain  in  the  air- 
npaoe  between  the  eondiirtorx,  and  thia  atrain  ia  grsaler  the  ateeper 
the  potential-gnMlient  in  tluit  afiaee.  Henee  other  thinga  being  the 
line,  the  nearer  the  eooductoni  are  together  the  more  likely  ia  there 
•  >  be  a  spark. 

KxKaiMHMi  :~.|.  Prore  from  the  principle  of  this  article  the  tnilh  of  the 

statement  mt  the  end  of  $  68,  rJs.,  Ihal  when  a  ■pbstv 

Is  eartbed  and  obaiged  by  iodnolion,  the  dewdty  b 

graatast  on  the  side  nearast  the  Indaciag  body,  and 

leaat  on  the  aide  diieoUy  oppoaite. 

S.  A  charged  ball  U  hekl  Inside  aa  earthed  metal 

y^,  1,^  pot,  bat  not  in  the  middle :  Is  the  Indoeed  eharge 

aniformly  distriboted  over  the  Interior  of  the  poc  f    If 

•t,  at  which  parts  is  It  greatest  and  which  least  r 

3.  A  ooodnctoror  the  shape  shown  In  ftg.  Sft  Is  freely  eharged ;  bow  is 
Its  rharipe  dlstributnl  over  it  ? 
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4.  All  iotoUtted  unchaivt'<l  in<tnl  )>all  \h  hol<l  near  a  charged  ball  at  such 
a  iliitanOT  that  nu  Kiiark  {>as.M-s  l*ctwccn  them,  but  on  touching  the 
onohaiged  ball  with  the  rinK<*r  a  .s|uirk  at  oaco  passea     Kxplain  this. 

68.  Electric  Convection  from  Points.  Lightning  Conductors. 
(\>n.sider  any  sinall  arwi  of  a  clmrKCtl  coiuiuctor.  Thf  jMirticlfs  of  air 
adjoining  that  area  receive  a  contact  (charge  and  tmdergo  repuKsion  the 
amount  of  which  is  greater  the  greater  the  electric  denHity.  Hence  at 
sharp  {>oint8  when  the  density  is  very  great,  the  repulsion  may  become 
sufficiently  strong  to  overcome  the  pressure  of  the  air  behind  the 
charged  particles,  in  which  ca.se  the  latter  will  be  driven  away  carry- 
ing the  charge  of  the  conductor  with  them  :  this  phenomena  is  known 
jis  dntric  convectumt  or  the  liisc/um/ituj  jujwer  of  j)oints. 

Another  closely  related  action  is  their  cUUctituj  j)(mei\  If  we  take 
a  neutral  conductor  A  with  a  sharp  iK>int,  and  hold  a  iK)sitively 
cliarged  conductor  B  a  few  inches  in  front  of  the  }>oint,  it  is  found 
that  A  acquires  a  i>ositive  charge  just  as  if  there  had  been  iictuai 
contact.  The  explanation  Is  clearly  as  follows  :—  B  acts  inductively 
on  A,  and  by  the  principle  of  inductive  displacement  the  sharp  ]K)int 
acquires  a  negative  charge,  while  the  other  side  of  A  acquires  a 
l»osi live  one.  The  (negative)  density  at  the  |)oint  is  very  great,  and 
iir;.,Mtively  chargexl  air  particles  are  carried  acro.ss  to  B.  t)f  course 
these  take  with  them  a  deficit  of  electricity,  which  deficit  would 
otherwise  remain  on  A,  so  tliat  on  the  whole  A  is  left  with  an 
excess — that  is,  a  positive  charge.  Moreover  the  deficit  on  tlie  air 
f^articles  is  made  good  by  part  of  the  electricity  on  li,  so  that  the 
latter  loses  part  of  its  positive  charge,  and  the  final  effect  is  pre- 
ci.sely  the  same  as  if  there  had  been  a  direct  transference  of  electricity 
from  B  to  A. 

A  Lightnim/  Cmuluctfn-  is  a  device  wherein  the  "  collecting  i)ower  " 
of  points  is  utilised  to  help  discharge  thunder-clouds.  It  consists  of 
an  iron  rod  run  up  the  side  of  the  building  to  Im*  j^rotected  and 
insulated  from  it,  its  lower  end  being  well  imlxjdded  in  the  ground 
and  its  upi>er  terminating  above  the  top  of  the  building  in  one  or 
more  sharp  points. 

In  place  of  lightning  conductors  it  was  proposed  by  Clerk  Maxwell 
to  cover  the  building  with  a  network  of  wire  connected  to  the  earth 
so  that  it  might  he  screencxl  from  electric  influence  in  accordance 
with  the  principle  of  §  r>3. 


DmniBUTioN  or  BLBcraacmr  osc  cvkihutorh.  ?• 

I  MMAttY  0¥  TUK  MUHT   IMroRTAKT  miNTB  IN  rilAITKU   U 

1.  Uioft's  tlMOfMn~«M .  Uuu  i0  Mj  ouodaolor  wtwthf  aulirf  or  bolkm, 
ikt  9kmr9§  rwddn  0miirtip  mm  IA»  miaUU  mtfmg,  Bt  BoCwtHMtMwWiy  Uib 
(UjmImiMmI  to  ilM  MUM  ihRMibMii  Mm  «illv»  ■■iwfcd  (f  •«). 

1  Um  of  proof-plBM  mmI  proof-oooo  la  oo^|«BelliMi  m\fk  mmII  pol,  for 
iMtlBf  oloolrleiltMilyd  <A):ooB|Ntf«  IIUo  cMvfolly  with  Um  MtllMdol 
♦  40  for  frtlBf  jw##«K<l. 

a.  Tbo  deiuity  nuij  be  dUNrMit  •!  dUbrwl  poiU  of  •  OQOil«ctor  baiac 


thto  tlM  jMfMiMol  to  Um  mbo  »n  ofv  (f  MX 
4.  Tht  olooUio  donaitj  at  aajr  poiai  of  a  coodactor  to  proporUooal  to 

the  poleilUaI*fnMli<'nt    in   tlw  ilii>li^>tHo  iauaodilU^lv  «<li<iinintf   llial   fMiint 

(4  «:>. 

fiw  DtodMTgiag  aoU  oollocUag  power  of  pointe  (4  6^). 


RXBB0I8K8  o.s  I  liAt'iKH  iV. 

1.  It  to  ofloB  looealj  aMorted  that  *«  Um  daoiiiy  oo  a  oImivwI 
Mifunn  " ;  state  esaoUy  aoder  wKat  ooadHkme  ibto  to  trae. 

2.  Aa  oraagv,  into  which  a  eewlag  oeodto  Ima  been  alack  polat  oaivaidi^ 
U  napendod  by  a  dry  nilk  Uiraad.    A  ohaigod  bodj  to  btoogbi  aear  li 

1 )  ofiposito  Um  poiat  of  Um  aeadto,  (S)  oppocito  Um  iida  lanote  ftroai  Um 
ii-edto.    Slato  and  explala  Um  atooirical  eAeoi  ia  eaoh  oaee. 

3.  A  abarp  point  attacked  to  a  ooodoctor,  A,  to  held  near  an  ioaalatc^i 
liargwl  coodactor,  B.    What  will  be  the  eflboi  oa  B  If  A  to  (1)  iaaatoted. 


I.  Two  gold-leaf  elooiroaoopea  aiailar  in  all  raapedai,  exoept  that  a  naedto 
l>rojeola  flrom  tbo  cap  of  one  of  Umbi,  are  placed  at  eqaal  dtoCaaoaa  trooi 
a  okarged  ooodaotor,  and  the  leavea  of  boUi  divefga.  When  tka  coodactor 
to  removed,  one  pair  of  leavea  collapena  aaddealj,  and  tke  oUMr  alowly 
Kxplaia  tke  dUbrenoe  in  their  bebaTioar. 

S.  A  heoitopherkal  BMlal  bowl  to  wktok  a  akort  bmUI  poiat  to  auached 

^  okaiged  witk  eleotrioitj.    What  difleiaBoe,  if  any.  ia  tke  late  of  leae  of 

haige  wiU  tkere  be  aocordiag  aa  Um  point  to  liMlaaeii  to  the 

'  oQves  aide  of  the  bowl  t 
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6.  A  flexible  coixlucting  thread  to  the  end  of  which  <i  nceWle  in  attached 
lies  at  the  bottom  of  an  inHulatcd  charged  iron  pail.  ()nc>  end  of  the 
thread  alwayit  r(>mainH  in  contact  with  the  \mi\,  while  the  ncc<lle  in  lifted 
out  of  tho  pail  (without  tonchin^  it)  by  a  silk  threail.  DeHcribe  and 
explain  any  change  which  takes  place  in  the  charge  of  the  pail  during  this 


7.  Two  metal  spheres  are  placed  in  contact  and  charged.  On  testing 
with  the  proof- plane  it  is  found  that  the  density  in  the  niche  between 
them  is  much  less  than  at  the  far  ends.     Account  for  this. 

8.  A  long  bm88  chain  lies  coiled  up  on  the  c^p  of  an  electromroix) ;  the 
instrument  is  charged,  and  the  leaves  diverge.  The  chain  is  then 
gradually  pulled  out  straight  by  means  of  an  insulating  handle,  and  the 
divergence  of  the  leaves  is  observe*!  to  become  less  and  \csn.  What  does 
this  show  7 

J».  What  is  the  average  surface  density  on  a  conductor  electrified  only  by 
inductive  displacement  ? 

10.  Two  spheres  of  unequal  .»5izcs  are  placed  a  considerable  distance  apart 
and  given  equal  chiirges.  Whi^'h  ha^  Oic  stronger  {)otential  and  which  the 
greater  electric  density  f 

11.  A  sphere  A  surrounde<l  by  air  is  uniformly  rliarge<l.  Another  equal 
sphere  B  is  surrounded  by  paraftin  wax  has  an  equal  uniform  charge.  Is 
there  any  difference  iu  (1)  the  surface  densities,  (2)  tho  potentials  of  A  and 
B  ?    Give  reasons. 

12.  (1902.)  Two  equal  metal  spheres  are  placed  close  together  but  not  in 
contact  Kqual  charges  of  electricity  are  given  to  the  spheres.  Give  a 
sketch  showing  the  general  characrter  of  the  distribution  of  electricity 
over  the  spheres  when  the  charges  are  (a)  of  the  same  sign,  (b)  of  opposite 
sign. 

13.  (1901.)  A  |X)sitively  chargetl  small  body  is  placed  in  the  neighljour- 
hood  of  a  metal  sphere  ;  give  diagrams  roughly  indicating  the  di-^tributiou 
of  electricity  over  the  sphere  (1)  when  the  sphere  is  insulated  and  un- 
charged, (2)  when  it  is  earthed.  Diagrams  should  be  given  for  two 
positions  of  the  charged  body,  one  of  the.»«  being  near  the  sphere  and  the 
other  a  considerable  distance  away. 


CHAITER  V. 
KLKITRtCAf.  MACHISMS  AND  COfrDKNSKBS 

69.  The  frietioBal  Sleetriod  KAcbine.  A  frictiooAl  « k^  in.^ 
luurtiinr  irt  h  imvlmniml  urmnKt'tiient  fur  fj^fu-niting  a  charge  by  the 
frictiiMi  <if  two  rtiiiuhlv  muIwUikvm,  ami  for  collecting  And  utoring  the 
chnrKi*  H4>  |inMluce(l.  Such  a  iiiHohinv  oooiprUMS  wcntwllj  Uireo 
IMftjt :  the*  f/mmi/'/r,  (^nMirttiiiK  <»f 
the  IxMly  riiU>e<l  and  tho  rtiltlterM, 
the  ntHrrtiwj  atml**^  and  the  jrritnr 
c<mtlHct'fi\  in  which  the  charge  ci>l- 
lectod  by  the  conibtt  accuniulatea. 
One  of  the  earliest  machineit  of  thin 
type  waa  the  Cyiindrr  Machine^  but 
aa  it  would  never  work  itM  proper 
place  in  in  a  muaeum  of  uaeleiw 
anti«(uitieH.  A  much  Iwttt'r  fonn  in 
the  /*tatr  Maehinf  nhown  in  fig.  29. 
The  generator  conMinU*  of  a  circular 
phite  of  glaM,  or  twtter  of  clM>nitef 
mounted  on  an  axle  which  in  MUp|)orted 
^•V  two  Upright  wooden  sup|K>rtfS  and 
ternuiuited  by  a  hamlle  by  nieami 

t   which  the  plate  can  be  made  to 

'tate.     At  the  top  of  the  two  wooden 

prighto  is  a  croaapieoe  under  which 

T^«  flx^  Ky  means  of  ckunping  screws  two  mbbers,  and  a  similar 

!  vertically  beneath  them  to  the  base  of  the  framework. 

•  4  so  arranged  as  to  bite  the  plate  so  that  when  the 

latter  revolves  it  experiences  friction  and  beooines  electrified.    Tbe 

best  kind  of  rubbem  consiiit  of  1»ither  or  Hilk  covered  pads 
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with  electric  amalgam  (§  21)  which  give  the  plate  a  strong  positive 
rharge.  The  makers  of  the  machines  usually  attach  to  the  rubbers 
long  silk  flaps,  which  cover  twoquadrant-s  of  the  plate,  it  is,  however, 
<i  mistake  to  do  this,  as  the  machine  works  l)ettcr  without  them, 
especially  if  the  plate  be  of  ebonite. 

The  prime  conductor  is  a  thick  lx;nt  bra.ss  rod,  usually  with  one  or 
two  knobs  attached,  it  is  supiwrtcd  by  the  framework  but  insulated 
therefrom,  and  to  its  ends  are  attached  I^-sha|)ed  brass  rods  whose 
inner  sides  are  studded  with  sharp  steel  points  ;  these  constitute  the 
collecting  combs. 

The  action  of  the  machine  is  readily  understood  :  -Following  a 
jKirtion  of  the  surface  of  the  plate  from  the  lower  \n\iT  of  rubbers 
round  through  a  complete  revolution  we  notice  that  as  it  leaves  the 
nibl>er  it  is  positively  charged  and  when  it  arrives  at  the  right  hand 
comb  this  charge  is  transferred  to  the  i)rime  conductor  ])y  the 
"collecting  power"  (§  68)  of  the  steel  points.  After  i»assing  the 
comb  it  is  therefore  neutral.  It  next  comes  under  the  influence  of 
the  top  pair  of  rubbers  when  it  again  receives  a  positive  charge  and 
this  in  turn  is  transferred  to  the  prime  conductor  by  the  action  of 
left  hand  comb.  And  so  on.  Hence  as  we  continue  to  roUite  the 
handle,  the  charge  on  the  prime  conductor  continually  increii.ses  until 
its  potential  becomes  equal  to  that  conferred  upon  the  ])late  by  the 
friction  of  the  rubbers,  after  which  any  further  turning  of  the 
handle  is  sheer  waste  of  labour.  If  the  machine  be  made  with  an 
ebonite  plate  and  be  clean  and  dry  and  the  rublxjrs  in  go<xl  order 
the  prime  conductor  usually  becomes  charged  as  fully  as  ];K)ssiblc  by 
two  or  three  complete  turns. 

A«  generally  worked  the  rubbers  of  the  machine  are  earth-connected,  that 
in,  they  are  not  insulated,  but  directly  connectefl  with  the  framework  of 
the  machine.  In  this  way  no  charge  accumulates  on  the  rubbers.  If,  how- 
ever, they  are  insulated,  then  the  negative  charge  accumulates,  and  finally 
becomes  Hufficiently  great  to  prevent  the  positive  charge  produced  on  the 
glass  from  reaching  the  combs,  and  thus  prematurely  the  machine  ceases  to 
work.  If  rubber  and  prime  conductor  are  both  insulated,  but  connected 
together  by  a  conducting  wire,  then  the  negative  of  the  rubber  neutraliHes 
the  positive  charge  induced  in  the  prime  conductor,  and,  however  hard  the 
machine  may  be  worked,  no  sign  of  electrification  can  be  detected  in  either 
robber  or  prime  conductor,  thus  again  proving  that  the  quantities  of 
electricity  produced  by  friction  are  eqnal,  but  of  opposite  sign. 


Art   70  j  njKTmiOAL  MAOVflfMl  AVD 

7a  The  n^etroi^lmni.  Thit  it  a  ima*  Kttle  IwrtmMii  vhkli 
onii  hardly  he  caIImI  a  frMtmiU  mif bine,  bemoM,  dthonch  frktioii 
ifl  niirwiry  lo  itMri  H,  iu  bmIii  tction 
i«  due  to  induelioii.  It  U  riniwii  in 
fig.  sa  It  eonibte  eMentUlly  of  two 
parta :  a  ctrrahir  hraM  plal«  B,  iceiMitUly 
ealled  the  </iar,  to  which  iM  attached  an 
inwiUtlwg  handle  (which  oagfal  lo  be 
of  ebonite,  but  ie  genetally  of  gbee, 
on  the  prinelpie  tliat  chei|Wiei  ia  more 
important  than  efllcieneyX  *nd  an 
obonHe  plate  R,  caUed  the  eoiv  (the  ^ 

obonHe  being  frequently  repkced  by 


reainous  nubstance  on  thv  namv  t>rinriple).    Th<*  lower  lade 

of  the  eake  mnat    be  eerthed  (for  a  rfamin  into  which  for  eJr- 

nientary  |>iir)MMeR  it  i«  needhsmi  to  enter),  either  by  nimply  roKtinff 

it  on  the  table,  or  iitill  better  by  haring  it  fitted  into  a  nhallow 

earthed  metd  faajw  called  the  W^.    To  work  the  injitniment  we  fimt 

beat  the  oake  with  fm      '     '  tnves  it  a  nefrative  charge  and  pniduceii 

a  field  of  negativ<>  i-  u  the  air  alxYve  (f  46.)    We  then  hold 

the  disc  by  the  i  Imndle,  an<l  net  it  on  the  cake  am  mHowh  in 

the  diagram  ;  it  .    i  tjikefl  of  the  negative  |iotential  of  the  fi«*ld, 

r  to  put  it  in  other  but  ei^ni^-alent  worda,  the  negative  charge  of  the 

tke  actit  u|Mm  it  inductively,  giving  it  a  negative  iiwln<->^I  fHitentiaL' 

'Hie  diitc  H  IH  now  momentarily  earthed  l»y  t  ;  with  the 

iiit;:f*r,  when  electricity   runn  into  it  from  the   mrin  m  auffictent 

•  lu.ititity  to  bring  itM  |iot«nttal   up   to  zero,  ao   that  it  acquires  a 

.«>  cliargt>.    The  elite  in  Uuttly  lifted  (by  the  handleX  when,  the 

live  inHut'iu-c  of  the  cake  Itoing  removed,  the  positive  charge 

•ufiipi  upon  it  a  positive  |iotential,  and  if  it  be  made  to  touch  an 


'  There  to  practically  no  mmtm^  charge  conveyed  from  the  cake  lo  the 
.i!«o.  Maee  the  cake  to  a  nccHeoodaolor  there  woald  be  very  little  even  If 
Uie  two  fitted  aooaralely  over  one  another,  bat  as  a  owtter  of  faol  the 
Mirfaoe  of  neither  to  trulv  ptooe,  and  the  cootaot  oooare  only  at  a  few 
poiai4i,  ao  thai  there  \»  a  itiin  layer  of  air  between.  The  iadecUve  action 
of  the  oake  takee  piaoe  throogh  thto  toyer.  Rat  tbat  to  noi  all ;  fur  the 
chafge  on  the  oake  doee  not  Ue  entirely  on  the  MwfiMe,  ae  It  woald  If 
it  were  a  ooadnotor,  bet  penetratee  the  Interior,  and  the  iDtemal  jpait 
of  the  ehame  aole  iodoetively  on  the  dieo  acfoei  the  opner  laven  of  ibe 
cakaiisell 
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insulated  neutmi  conductor  part  of  it«  charge  will  How  into  the  same 
in  obedience  to  Poi^Aon's  Principle.  Uenerally  a  8{)ark  iMtsHeM  at 
the  wuiie  time.  If  instead  of  an  insulated  conductor  we  employ  an 
earthed  one  {e.g.y  the  knuckle)  the  disc  i«  completely  disc^harged. 
After  discharging  it  may  \ye  rei)laced  on  the  cake,  touched  and  lifted, 
and  the  same  thing  occurs  again.  We  may  thus  charge  any  conductor 
by  instalments,  but  if  the  conductor  be  of  large  capacity  the  process 
is  very  tedious  on  account  of  the  small  ca|>acity  of  the  disc,  and  the 
consequent  small  charge  it  acquires  each  time. 

Since,  except  for  the  original  electrification  of  the  cake  the  whole 
process  is  one  of  induction,  the  cliarging  of  the  disc  in  no  way 
diminishes  the  charge  on  the  cake,  and  were  it  not  for  accidental 
leakage  the  cake  when  once  electrified  would  charge  the  disc  an 
indefinite  number  of  times. 

It  should  l>e  observed  tliat  it  is  not  necessary  to  delay  earthing  the 
disc  until  after  it  is  on  the  aike :  it  may  be  earthed  before  or  simul- 
taneously ;  in  any  case  the  final  charge  on  the  disc  will  be  the  .same. 
Instead,  therefore,  of  using  the  finger,  we  may  allow  the  edge  of  the 
disc  to  touch  the  fiange  of  the  sole  in  the  act  of  lifting  or  setting 
down.  Sometimes  the  instrument  is  made  with  a  small  brass  jieg 
through  the  ebonite  cake,  its  lower  end  being  soldered  to  the  sole 
and  its  upjxir  lying  flush  with  the  top  of  the  ebonite  ;  this  earths  the 
di.sc  at  the  instant  it  is  put  on  the  cake,  and  saves  time. 

71.  Limit  to  the  Action  of  an  Electrical  Machine.  As  pointed 
out  in  §  f>9  the  action  of  a  frictional  niacliinc  ceiises  as  s(K)n  jus  its 
prime  conductor  attains  a  certain  i>otential  ;  this  is  called  the  liniit- 
iiuj  iK)tential,  and  it  is  im|X)rtant  to  note  that  every  elertriaU  vuuhine 
has  a  limitinff  fXjtenti^U  whose  value  dei»ends  U[M)n  the  nature  of  the 
machine.  A  good  frictional  machine  will  giveajiotential  up  to  alxiut 
100,000  volU.' 

As  soon  as  a  machine  has  reached  its  limiting  potential,  and  fUl  tJie 
while  it  retains  that  potential^  it  is  impossible  to  make  it  yield  any 
further  charge  ;  if,  however,  we  remove  some  of  the  charge  from  it^  so  as 
to  weaken  its  potential^  we  can  by  further  working  it  reinstate  the 
charge  so  removed  :  in  this  sense  the  action  of  a  machine  is  unlimited. 
One  of  the  uses  of  electric  machines  is  to  charge  condensers,  which  are 

'  A  volt  is  the  anit  of  potential ;  it  is  seldom  mentioned  in  Electroi>taticf^ 
— it  is  about  eqoal  to  the  electromotive  force  of  a  Daniell  cell  (§  136). 
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MMeiituUly  coodiMtovi  of  krfB  cafiMily  ;  Um  madmmm  U 
to  the  prime  oonduolor  o(  Ibe  iflhim,  ukA  tiM  hMUm  tkm 
xiimcient  chmrtsfi  U>  confer  the  limitiiif  potootkl  vpo«  AolA  lA« 

<tctur  and  ikt  cumimser,  tlM  MnOQnt  w  (eoenUed  beu^  of  oootm 
iuu.  h  grmter  tlian  if  the  oondemer  wwe  sbMBt. 

It  ibotikl  be  obeerfed  thiO,  eomperlaff  m  good  litelrtMil 
^y.  »  eopptr  hell  bwtea  with  IwUe-rabber.  theegb  the 
affottb  e  atnMfer  potentkl.  thie  le  nollli  aehi 
mthrr  In  the  fMl  lAel  <l  My|rf<ie  e  eAe^fe  rmftdtif.    To 
rrr>m  th«-  meohlae  aey  be  Hbeaed  lo  flUlof  e  pell  fioei  e  peaip ;  to 
bMten  beU  BMor  be  eooipeied  to  iUioff  tbe  pell  bj  ledlteff 
til 


72.  Condfnsers.    ft  frrquently  happens  in  elerUirel  ex] 
that  svv  r  'o  have  e  very  big  efaerfe.    Now 

wi>  art*  f  II I  I  clectricel  roechine,  the  limiting  polttitinl 

($  71)  of  wIhim'  priiiK'  ciuuturtor  In  V,  aiul  with  u  iKituliH-tiir  A  ;  by 
roiiii(H>tiii^  A  to  th<'  priiiH*  o«»iHliirtor  of  the  niachiiif  it  anu  be  mnde  to 
iici|uiro  II  iMit4iitiiil  r«)ual  to  V  hut  iio)(reeter ;  it  will  tbt^heveaeertnin 
chnrgi*,  i^,  which  will  I»«thegr«>at4i«t  |»0(t.Hihle  umler  the  given  circum- 
muiict-^^,  the  :iiuoiitit  (»f  thin  chnrgt'  beiiiK  given  (f  60)  by  the  eqnetioo 

Q  -CV 
wheru  C  iM  the  electrontatic  oepncity  of  the  eondnctor  A. 

Now  if  A  be  a  iiiiu|>le  coiiductor  of  manageable  site,  C  may  be  too 
Auiall  to  give  to  (j  anything  like  no  great  a  value  as  required.  If  then 
we  are  to  get  the  deaired  charge  on  our  conductor  we  must  have  tome 
means  of  increasing  its  capacity,  in  other  words*  of  wmlmumg  tkr 
yoitmtiai  prodmtd  in  U  ky  a  given  ckargt.  To  effect  this  we  avail 
ourselvee  of  the  principle  of  §  69 :  we  pUoe  the  oondoetor  A  in  tha 
vicinity  of  an  earthed  conductor  R  Moreover,  as  we  require  a  very 
decided  weakening  of  the  potantial  of  A,  we  must  bring  all  parts  of 
B  as  near  to  A  as  possible.  Any  instrument  oonstmcied  on  this 
principle  is  called  a  condman-  or  (^eetrostatic)  oecManlalor. 

eTondensers  are  made  of  various  forma,  but  they  are  all  essentially 
the  same,  insisting  of  liao  mHtd  plain  aeptmUtd  bp  a  ditUdkric  In 
the  process  of  charging,  one  of  the  plates  is  kept  earthed,  and  tiM 
other  which  is  insulated  ia  connected  to  an  electrical  machine  or  othsr 
convenient  source.  Suppoee  now  that  the  potential  of  the  inilafd 
plate  becomee  V,then  if  Cdenote  iU  oapadty  in  pissancis  ol  thaaarth 
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plftle  (usually  for  shortness  called  the  tapaiciily  of  the  condetuer),  and 
Q  the  charge  on  it  (usually  called  the  chnrgr  in  the  oomifiiser),  Q  is 
given  by  the  equation 

Q  =  C  V. 
As  soon  as  V  becomes  etjual  to  the  limiting  potential  of  the  machine, 
Q  is  as  great  as  possible,  and  the  condenser  is  .said  to  be  fully  charged. 
tt  is  important  to  note  the  condition  of  the  earth-plate  after 
charging;  its  jtotential  is  of  coiu'se  zero,  while  it  has  an  induced 
charge  of  the  opposite  sign  to  that  on  the  insulated  plate.  The 
amount  of  this  induced  charge  is  in  genenil  somewhat  less  than  Q, 
but  in  all  the  practical  forms  of  condenser  in  which  the  two  plates 
are  very  close  together,  their  c/um/eH  are  Ut  lUl  intetifs  mul  jntr/tftxen 
eqtud. 

73.  The  Leyden  Jar.  This  is  one  of  the  most  coiivriiitni  u^\\\\^  ui 
coiult-nser.  It  is  .shown  in  fig.  31.  It  con.sisU  of 
a  wide-mouthed  gla.Hs  jar  the  sides  and  lK)ttom  of 
which  are  coated  both  inside  and  outside  to  within 
a  short  distance  of  the  neck  with  tin-foil.  The 
mouth  is  fitted  with  a  bung  of  "  l)aked "  wtxxl, 
which  is  a  fairly  good  insulator ;  and  through  this 
pas.se8  a  brass  rod  which  touches  the  inner  tin-foil 
coat  at  the  bottom  of  the  jar,  and  on  the  top  of 
which  is  fixed  a  brass  knob. 

pjjj  3 J  It  is  usual  to  varnish  the  glass  above  the  lin-foil  both 

inside  and  outside  with  shellac  varnish  in  order  to 
improve  the  surface  insulation,  but  besides  this  it  is  essential  that  the 
glass  iuielf  should  be  good  insulating  glaas  free  from  lead,  otherwise  the 
jar  is  practically  useless.  Provided  the  insulation  afforded  by  the  glass 
l>e  good  it  does  not  much  matter  about  the  bong ;  there  is,  however,  a 
practical  objection  to  the  bungs  commonly  used — ri;.,  that  it  is  necessary 
ill  some  experiments  to  turn  the  jar  upside  down  or  to  connect  several 
together  by  wires,  etc. ;  and  as  the  bungs  generally  do  not  fit  at  all  tight, 
Ibis  is  very  awkward.  An  india-rubber  bung  is  on  this  account  far 
preferable  to  a  wooden  one. 

74.  Charging  the  Leyden  Jar.  The  ordinary  method  of  charging 
the  jar  is  simply  to  stand  it  on  the  table  and  place  its  knob  against 
the  prime  conductor  of  an  electrical  machine;  the  outer  coat  then 
constitutes  the  (>arth  j)late  and  the  inner  the  insulated,  and  suppos- 
ing the  machine  t<>  yield  a  {Kisitive  charge,  the  effect  is  to  give  the 
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inner  otMU  a  oarUin  positive  eluuvs  and  iIm  o«Iv  a  ptmblkmnf  tqmd 

($  7i)  nefaive  eluurge :  also  the  inner  ooet  aoittifat  a 

liutttntial  while  the  outer  rwuun«  et  aoro  polentkL    In 

the  Jar  wmj  be  folly  ehaqrad  lu  knnh  Ahonld  he  plaoed  m 

turt  with  tha  prime  oondnetor  without  any  nir-Mi,  which 

thiit  the  potanttalaof  the  inner  eoai and  prime  ooodndor  are 

(Boimonli  PrindpleXand  the  aaehiM  ahonkl  be 

to  MBore  ita  attaining  iii  limiiimg  pcimU^, 

We  may  alao  oharge  thejar  by  the  **  inverted  **  method  whieh,how 

\^*T  in  noniewhat  awkward ;  it  ooneiata  in  earthing  the  knob  my  by 

u>{  it  in  the  hand  and  pbdng  the  outer  ooal  a#unel  the  prime 

-i..4iiciur  of  the  machine,  in  thi«  wi^y  the  intnkted  and  earthed  ooat* 

ire  revermd  and  tuppoeing  the  machine  to  yieU  a  pomtave  chaife  the 

•uter  eoat  will  become  ohargad  pontive^  and  the  inner  netpuiwly. 

\ftar  eharging  in  this  way  care  mnel  be  taken  not  to  eet  the  Jar  on 

lie  toUe  while  holding  the  knob :  the  reaeon  for  this  and  th«  pfoper 

•nnr  tn  pnnme  will  appear  in  the  next  article  {\  76)i 

lit  to  note  that  it  is  impomible  to  charge  a  Leydcn  jar 

urtMdf  ike  ymcem^  we  keep  the  ooat  not  in  contact  with 

'm/.    The  reaiion  bae  been  anticipated  in  the  hurt 

.  ty.. ..;  ,  ..;> ,  Lhu  Utter  coat  being  very  thin  exertano  weakening 

•  >n  the  potential  which  a  given  charge  prodnoea  in  the  other,  eo 

Mil  it« capacity  it  not  inorBaeed— tn  i4or<  lA«  jmr  >•  nel « 

'  tUi.    Tbua  if  we  set  a  jar  on  an  inimhitli^  ftool  and  place  lln 

^^ninst  the   prime  conductor  of   the   machine,   no  metier   how 

>  igoronaly  the  ktter  be  worked  the  inner  ooat  will  reeeive  mtrdp 

■he  mm»  tmail  ekargt  at  ii  wtmUL  do  jftkumkr  kmi  no  imitimM.    It 

.  tometimee  mid  that  we  cannot  in  thia  way  charge  the  Jar  el  alf, 

lit  thiH  is  hardly  true  ;  we  can  charge  the  inner  coat  aa  an  ieoUted 

>n(luctor,  but  we  cannot  charge  the  iar  cu  a  eomdtnter. 

Of  coume,  a/ler  thejar  baa  been  charged  in  the  ordinary  way  with 

lU  outer  ooat  earthed,  we  may  innilate  the  ktler  withuut  in  any  way 

.iltering  the  dale  of  the  jar. 

Bxnnottni :— l.  A  Leydeo  Jar  Is  plaoed  on  aa  taseletiag  slool  and  lis 

knob  ooaaeoted  wHh  the  prime  coodaotor  of  aa  siseiilesi  ■srtites,    1W 

lachiaelttlMn  worked  a  little  aod  the  ti^sr  aftewwmds  bfeaght  nsartlw 

titer  eoat  of  the  Jar  when  a  »park  passes:  explaia  this.    Show  also  tlMl 

If  tksM  opsmtkBS  were  rspsaled  a  great  noaibar  of  tiams  tbs  Jsr  sroeld 

b«»iDe  proparlv  ckanrBtl. 
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2.  The  inner  coating  of  a  Iieyden  jar  is  connected  by  a  wire  with  the 
prime  oonductor  of  an  electrical  mactiine  and  almi  with  a  KoKMenf  olcctro- 
•oope.  If  the  jar  rest*  ujion  a  nheet  of  kI»*»i  »  qtiartcr  of  jv  turn  of  the 
machine  produces  a  large  divergence  of  the  leaves  of  the  eluctroKcope.  If 
the  glass  be  removed  ten  tum»  of  the  hnn<llo  are  rt'«)iiirf(1  t^i  pKMluce  tlio 
deflection,     Explain  this. 


76.  Discharging  the  Leyden  Jar.  If  after  a  jai  lias  hecn 
charged  »/•<  estiihUah  rotoluctintj  rominunicfition  hetwfen  the  tiint  rfxiU, 
their  charKcs,  which  we  have  alre^idy  Keen  t<>  Ik;  e(|unl  and 
opiKwite,  neutralise  one  another,  the  iK»tential  of  etich 
l>ecome»  zero,  and  tlie  jar  ifi  discharged.  A  convenient  way 
of  establishing  such  communication  is  by  means  of  a 
disctuirging-Umgn  (fig.  32)  which  is  simply  a  i»air  of  braHs 
rods  terminating  in  bnuss  knol»s  and  workinj^  stiffly  on  a 
pivot,  the  whoh*  being  mounted  on  a  glass  (»r  ebonite 
handle  :  the  pivot-joint  permits  of  the  knobs  bein^  jihiced 
at  a  convenient  distance  for  reaching  the  knob  and  outer 
Cf»at  of  the  jar.  Supjjose  now  we  have  charged  om*  jar 
in  the  ordinary  way,  and  have  it  standing  on  the  t^vble.  To  discharge 
it  we  luild  the  ton(/it  by  the  iiundaiing  fmtulle^  nnvke  one  knob  touch 
the  outer  coat  and  then  approach  the  other  to  the  knob  of  the  jar, 
when,  at  a  certain  distance  a  bright  siMirk  pa.s.ses  with  a  sharji  click  ; 
this  -nearly  dischivrges  the  jar— to  com]dete  the  discharge  we  bring 
the  knobs  into  actual  contact.  Or,  if  we  please,  we  may  first  make 
one  knob  of  the  tongs  touch  the  knob  of  the  jar  and  then  ap])rotich 
the  other  to  its  outer  coat— the  only  difference  is  that  in  this  the 
sitark  )>tisses  between  the  knob  of  the  tongs  and  the  outer  coat. 

If  we  hold  the  toncfs  by  the  broM  jtortion  and  Unich  the  etirthed  coat 
of  the  jar  Jirst  we  get  precisely  the  same  effect  as  if  we  held  them  by 
the  insulating  handle,  but  if  we  touch  the  insulated  coat  first  we  at 
once  establish  conducting  communication  l)etween  the  two  coats  tiul 
the  tongs,  body,  floor,  and  table,  so  that  the  jar  discharges  itself 
prematurely  ;  it  does  not,  however,  under  these  conditions  usually 
produce  a  sjiark  so  much  as  a  kind  of  "  fizz,"  the  reason  Injing  that  the 
op|N)site  charges  on  the  coats  have  to  pass  through  considerable 
resistance  before  meeting  one  another  so  that  the  action  takes  place 
more  slowly. 

If  after  charging  a  jar  by  the  "  inverted  "  method  (§  74)  we  set  it 
on  the  table  while  still  holding  the  knob,  we  obtain  premature  dis- 
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ehwfie  in  the  nmiiiitr  {nil  ttspklaMl ;  to  obvkto  tliU  w«  if«t  «c  it 
yn  »n  ill  then  Imve  hold  of  Um  ImoK  and  fladly  lift 

it  on  t()  tl.  .,  .;^  outer  eiMit 

If  ono  ccMt  of  a  cluirKml  jar  be  brought  into  eootact  with  one  htad 
and  one  with  r^  ttNchAifMitMlf  through  tW 

iKKly.  it  prtHl.  u  or**  ■bock' which  If  th* 

charKi^  U  ^ tuua.    If  olhor  fwirtMiui  bo  Intor 

l***^^!  it<  iy  Mtill  be  exparicoetd  though  ino 

lia|»)*enM  tliiriog  the  pramUitn*  dbrbiri» 

■tw :— 1.  A  Leyden  jar  la  ohaiged  ia  the  ordinary  way  and  Umo 
...^  .u..K.^l  by  means  of  Immlatod  toi^pi.  Will  li  omIu-  any  di0M«Ma  hi 
tlie  ultimate  utate  uf  the  jar  whether  It  bo  »taodinK  <«  tlir  table  er  ooan 
iniilaling  114101.  ami  if  m>,  what  differeaoa  f 

S.  A  i«yden  jar  in  oliargvtl  in  the  ordinary  way  and  Iheo  Mood  on  an 
inaalatlag  tnpport.  It  U  then  diaohaiged  by  mmimMmimUd  loagik  WUl  U  in 
any  way  natter  whether  the  knob  on  the  outer  c*^*!  be  loached  IrM  f 

a.  A  obaiftd  Leydeo  jar  alande  00  the  table,  and  a  peraon  elanda  on  an 
inmtetliv  atool  phwed  on  the  floor.  Will  it  be  dM^erow  for  htan  to  loneh 
the  knob  of  the  jar  ? 

4.  How  woold  you  prove  esperinenlally  the  trath  of  the  1181  lent  aade 
in  $  74.  rt;..  that  it  la  impoiiihle  to  charge  a  l^^yden  jar  when  both  eonta 
arc  iuMolatod  f 


76.  Piecemeal  Discharge.    When  weeMabllih  oondaotiag  < 
tion  between  the  two  ooata  of  a  oharged  LeydM  Jar,  tha  jar  la  < 
all  at  onoe.    But  we  nwy  diaoharge  it  In  nnaU  qanntHlaa  at  a  tliM  m 
(blk>wa:— 

Kteoe  the  jar  (after  having  ehaiged  it  in  the  ordinary  way)  00  nn 
inaahitiog  itand.  Toooh  the  knob,  we  get  a  /mM^  epark  with  no 
appreoiable  ahock ;  then  ramove  the  finger  from  the  knob  and  toneh  the 
enter  ooat«  we  get  another  feeble  apaifc ;  then  take  the  flngar  away  ftrom 
the  enter  coat  and  again  touch  the  knob,  we  get  another  fbeble  spark,  and 
■o  on.  This  pronesi  ia  generally  termed  dlaa4arf<iy  ly  aftlinials  iwafai^^.; 
it  requires  a  very  huge  nimiber  of  snoh  eontaeta  te  eflset  a  complHr 
discharge.  TO  esphdn  tha  |aonem,  let  na  aappose  tha  charge  on  the  ianer 
coat  to  be  podtive,  then  the  Indneed  ohnige  00  the  outer  will  be  negnilvr. 
When  the  jar  b  flrst  placed  on  the  JnialatlBg  stnnd,  the  fOJiiHal  of  it* 
inner  coat  ia  positive,  and  that  of  Ita  outer  Is  aero.  We  aow  toneh  thr 
knob :  this  reduces  the  potential  of  the  Inner  cent  to  asfo.  and 
electricity  escapes  to  the  earth  to  allow  of  this  hapfjening.    Thm 
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b  therefore  partly  diachai^ged.  a  fipark  occurring  in  tlio  act.  But  tlu; 
amount  of  electricity  which  eaoiyee  to  earth  on  touchitiK  the  knob  in  otUy 
a  minute  f met um  of  ike  charge  on  the  inner  eoat,  for  this  reason:— The 
outer  coat  has  a  big  n^ative  charge,  and  the  tendency  of  this  is  to  produce 
by  inductive  action  across  the  dielectric  a  very  low  (that  is,  a  stroug 
negative)  induced  potential  on  the  inner  ;  but  the  latter  is  really  at 
potential  sero,  hence  a  big  positive  charge  must  remain  on  it  in  order  to 
neutralise  the  negative  (induced)  potential,  so  that  only  very  little  escapes. 
Then  again  as  to  the  spark  from  the  outer  coat: — licfore  the  knob  is 
touched  the  potential  of  the  outer  coat  is  zero,  the  negative  charge  thereon 
being  just  sufficient  to  neutralise  the  positive  potential  which  it  would 
otherwise  possess  ariKing  from  the  inductive  action  of  the  inner  coat  across 
the  glass.  WTien  part  of  the  charge  is  removed  from  the  inner  cxmX  by 
touching  the  knob,  this  inductive  action  is  lessened,  and  the  negative 
charge  on  the  outer  coat  is  more  than  sufficient  to  effect  the  sai<l 
neutralisation,  so  that  the  potential  of  the  outer  eoat  beeomen  negotire: 
acx^onlingly,  on  now  touching  the  latter,  electricity  runs  into  it  from  the 
earth  in  sufficient  quantity  to  bring  it-s  potential  up  to  zero,  or  in  other 
words,  part  of  its  negative  charge  escapes  to  earth,  this  being  as  before 
quite  small  and  accom()anied  by  only  a  feeble  spark.  The  removal  of  this 
n^ative  charge  again  renders  the  potential  of  the  inner  coat  positive,  so 
that  the  next  contact  with  the  knob  gives  another  spark,  and  so  on  ;  a 
small  positive  charge  l)eing  removed  from  the  inner  and  a  small  negative 
from  the  outer  at  every  contact,  until  the  discharge  is  -if  one  has  the 
patience  to  go  on— complete. 

Exercise  (1903): — A  Leyden  jar,  chargwi  in  the  ordinary  way,  i>  i»i;i.«r«l 
on  an  insulating  stand.  What  effect  is  experienced  by  a  person  touching 
the  knob  of  the  jar  ?  Explain  why  the  jar  is  not  entirely  discharged  by  the 
contact. 
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1.  Dct^ription  and  action  of  frictional  machines  (§  69). 

2.  Description  and  action  of  electrophorus  (§  70). 

X  Limiting  potential  of  an  electrical  machine  (§  71). 

4.  General  principles  of  condensers  (§  72). 

6.  Charging  and  discharging  the  Leyden  jar  (§§  74,  75,  76> 


lUMfnuoAL  MAonirM  Ajn> 

EXMBClSm  ON  CHAFTKR  V. 

1.  How  do  yoa  upkia  Om  ImI  UmU  la  Um  ocdiauy  piwwi  ol 
a  Uydaa  jar  U  k  bmmmtj  Io  ooaaMt  iu  oaUr  ooatiaf  io  aafth  f 


1  A  thMi  of  Uafoil  It  raapMatod  by  a  diy  rflk  thnad  aa 
hlfMy  M  poMlbto  by  aa  iltolTtail  — chinij,  bat  oa  dlwba^iiag  il  only  a 
ulighl  tpaHc  to  obCaUwd.  If  Um  lla.ft>U  to  plaotd  oa  a  abool  oT  dry  glMo 
lyiaf  oa  Um  labto  and  obaif od  by  Um  mbm  aaMbiaa  a  brifht  tfark  ooa  bo 
obtaiaod.    Knpliitn  Um  ooow  of  Um  dUteoaoo. 


S.  If  a  Loydea  Jar.  A«  ftaad  oa  aa  taoilaUiy  tUxA,  aad  lu  kaob 
oooaootod  to  Um  prima  ooadador  of  aa  atoeirteal  aMrihiao,  II 
obaifMl.    Bal  if«  ataadto^oa  tbo  ■tool.  Ho  ootar  ooat  bo  • 
kaob  of  aaoUMf  |ar.  B,  wboos  oalar  ooat  to  oorilMd,  thrn  oa  worMaf  Um 
OMobioo  boUi  A  aod  R  booooM  obargwi.    KxpbUn  th 

4.  Two  Leydoa  Jan  of  dUhiaal  riots  bavo  Um  oator  ooaunipi  eonbod,  aad 
•f  m/  rkmrfM  are  givoa  to  tbo  iaaor  oaoo.    TiMir  kaobs  aia 
lqrdtoobarglagtOBfa,aadaflparktooboerv«dtopoML    Exptolathto. 


ft   An  eleelriool  oMobioo  to  placed  laride  aa  taaahtad  cbaabor 
w.tii  tin  f..ii.    Tbe  robber  of  ibe  oiaobioe  to  ooaaoolad  wUb  tbo  tia  foU. 
What  will  bo  tbo  olloot  upoa  aa  etoctraaoope  plivsod  oaloide  aad 
witb  Um  ohombor  wbea  tbe  moohlne  to  ia  acUoe  f    Sxplaia  yoar 


e.  Tbe  plate  of  aa  ebooile  otootropboras  to  rabbed  witb 
OMlal  oovor  pat  oa  bat  aot  toaobed.  Ia  tbe  poleattol  of  tbe  ootar  poaMia 
or  negative  witb  reapoot  to  tbe  earth!  How  woald  yoa  Sad  oat  by 
ezperiBMat. 

7.  (1901.)  A  Leydoa  jar  to  ooaaoolad  to  tbe  poatUvo  tarmlaol  of  aa 
electrical  manhino,  tbe  oater  ooatiag  of  tbe  jar  beiag  to  earth.  Wbea 
cbargod  it  to  dJaooaneeted  aad  plaoed  oa  aa  iaaBtoUoy  alaad.  Tbe  laaar 
oootiog  to  thea  pat  to  earth  and  tbe  ooter  ooatiag  to  toacbod  with  the  kaob 
of  an  eqoal  jor  bold  ia  the  hand.  Will  the  aeoond  jar  be  chanrml.  and  if  m 
with  what  kind  of  eleotridty7 

H.  Ksplaia  the  aotioo  of  tbo  poiau  oa  the  priaM  ouaductor  of  aa 
eleotrkal  BMeblne.  What  esporiaieatal  reault  oaa  yoa  qaole  ia  tavoar  of 
yoar  explaaatioo  f 


PART   II. 

MACfNETISM. 

CHAPTER  I. 

GKNKHA  h  PUKSOMKNA. 

77.  Natural  and  Artificial  Magnets.     The   iminc  Magmt  was 

applied  at  a  very  early  date  to  ])ieces  f)f  a  mineral  found  at  Magnesia 

in  Asia  Minor.     This  subsUmce.,  now  known  its  M<tifiwtitr  or  Aftiyiietic 

iron  f/i'e  {l'\0^)  or  iatleHtone,  was  found   to 

posse.ss  the  property  of  attracting  iron  and 

steel  ;   thus    if   a  piece   of   it  l)e   dipped   in 

iron  fdings  the  latter  will  jidhere  to  it,  more 

j^  especially  n>und  the  ends  (fi^.  33). 

A  lump  or  strij)  of  ma^nietite  constitutes  a 
natural  m^innrt.  In  practice  such  are  rarely  used,  beciiu.se  very  much 
better  ones  can  he  made  by  artificial 

means.      Artificial   A  -ns 

magnets  are  bars  of  Pig  84. 

steel  or  iron  which 

have  l>een  trejited  in  certain  ways  of  which  we  shall 
learn  later;  they  are  sometimes  straight  (fig.  34), 
when  they  are  called  bar  viagnets ;  and  sometimes 
are  bent  round  so  that  their  ends  come  near  together, 
when  they  are  callwl  hf/rseshoe  vuujnets  (fig.  35).  In 
our  exi)enments  we  shall  generally  supiK)se  artificial 
magnets  employed  ;  natural  ones  i)o.Hse»8,  however, 
just  the  stuiie  properties,  but  as  a  rule  much  weaker. 

78  Magnets  and  Magnetic  Substances.    Any  substance  caimble 

of  conversion  into  a  ni;iL'iitt  Culittli(  r  it  actiiiilly  is  one  or  not)  is  said 
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to  be  A  wuaffm^i*^  #uAj/<fw«v,  mhI  when  tre  im>  copfnt  K  ««  f  «ikl  lo 

MOfriwlMv  it     I  M  nary  inm  mmI  alaol  Are 

hut  it  in  noi  uiiiii  'Mi*  >  c^rUin  timtmeat  tliAt  thtf 

The  cmly  other  dktiiieUy  migBtUe  ■otlaneee  ara  iIm 

tiiekel,  mawfiniw,  and  eluoiiiiiiiii,  bat  thab  uapitli 

MniMwbAt  fMblo  eominred  with  iroo  and  iImI,  «id  tbagr  m 

iukmI.    Trtm  or  steel  in  iU  ordioAry  or  tnmfnirrtttifj  tIaC*  ie  «ld  to 

\n?  nrutnti. 

79.  Test  of  KagnetiMtion  Two  pieow  of  oautiml  iron  or  iImI 
do  not  attnurt  one  another,  hut  if  one  of  them  be  macmiliend  it 
uttnictit  the  neutml  one.  At  the  «une  time  ({  3)  the  nentiml  om 
uttnicta  the  magnetised  one.  Hence,  to  test  whether  a  body  b  OMg- 
nitiMd  ornot  we  must  see  whether  it  attracts  a  pieoe  of  mewinU  iron 
or  ntvi-A  ' ;  if  ho  it  is  a  magnet,  otherwise  it  is  not  A  simple  plan  is 
U)  dip  thu  Ixidy  into  iron  filings  and  see  if  they  adhere. 

It  Mhould  be  observed  that  a  magnet  will  attract  wuMgneiU  tmh- 
ttiince*  nnitf  ;  it  hiut  no  nction  on  brass,  wood,  paper,  etc. 

80.  Magnetic  Poles  and  PoUritj.  If  a  bar  magnet  be  snspended 
in  a  Mtirnip  so  as  to  be  free  to  tuni  horiiontally,  it  will  cume  to  rest 
with  ilH  ends  pointing  (appn>xiuiat«l>')  north  and  MOUth.  If  disturbed 
from  this  |KMitiun,  it  will  go  back  to  it  If  the  end  that  is  |iointing 
north  be  tiiniod  m>  ait  to  point  muth  it  will  not  stop  there,  hot  will 
K<>  )«u*k  to  the  north  again.  The  two  cndn,  thersfore,  have  distinct 
l»n>|>i*rti«w.  They  are  called  poUt ;  the  end  |iointtng  north  is  called 
the  wtrtA  poU^  and  the  one  pointing  south  the  totOk  poU.  For  a 
rt«Mun  which  will  appear  in  \  liO  aome  confusion  has  arisen  with 
reganl  tu  the^  terms,  and  itomo  writem  call  the  end  that  points  to  the 
north  the  mmtk  puU,  Othent  prtsfer  tu  drop  these  terms  \ 
and  8|}eak  of  the  end  that  |K)intM  to  the  north  as  the 
iMtK'.  Thn)iiKh«>ut  thin  Uiok  wo  hImII  follow  the  usual  eustom  of 
HritiHh  writerK  and  une  the  temi  wnik  poU  to  denote  the  pole  that 
lutinU  to  ihf  f%orth. 

It  will  be  observed  that  we  have  defined  the  poles  of  a  magwst 
with  a  certain  degree  of  vagneness  as  its  **  ends,"  and  have  not  locAlad 
them  as  definite  points.  We  shall  refer  to  this  again  in  {§  Hl»  IliL 
Meanwhile  the  student  should  be  cautioned  against  a  dsioitioa 


*  A  more  elabomle  OMthod  of  testing  by  OMsas  of  s  sM^nstle  needle  will 
be  given  In  f  8S. 
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met  with — vit,  that  "  the  poles  of  a  magnet  are  two  points 
near  its  ends  at  which  the  magnetic  force  is  concentrate<l "  ;  this  is 
altogether  misleatlinft— there  are  in  general  no  nuch  jwnnt*. 

In  order  to  tlistinguiHh  at  a  glance  l)etween  the  pole.s  of  a  nuvKnet, 
a  common  practice  is  to  paint  the  north  )K)le  red  and  the  south  blue. 
Another  convenient  plan  is  to  have  sharp  |>oint8  alxiiit  I  of  an  inch 
long  fixed  near  each  end,  on  which  bits  of  |)aint(Ml  cork  or  pith  can 
be  temporarily  stuck  ;  the  latter  contrivance  is  especially  convenient 
for  magnetic  needles  (see  l>elow). 
As  it  is  awkward  to  suspend  bar  magnets  in  stirrups  and  get  them 

to  come  quickly  to  rest,  it  is  usual 
for  this  purpose  to  enii^loy  nuifjiielic 
needles.  These  arc  small  magnets 
(fig.  36)  fitted  with  a  brass  or  agate 
cup  at  the  centre  which  can  rest  on 
a  fine  pivot;  the  needle  then  quickly 
sets  north  and  south. 

Magnetic   needles  are  sometimes 

mounted  so  as  to  turn  in  a  vertictil 

plane ;  those  turning  in  a  horizontal 

plane,  a«  in  fig.  36  (by  far  the  most 

usual    arrangement),   are   genemlly 

called  conijKisi  Tieedles. 

The  i>roperty  of  magnets  shown 

'^K-  **•  in   the  possession  of  distinct  j)oles 

is  called  jxtlarity ;  we  shall  fre<{uently  enqiloy  this  term  and  shall 

speak  of  the  iwrth  jwle  as  having  northern  i>olarity,  and  the  ttf/itth 

jjole  itoutUem  polarity. 

BXRBCISK  :— How  would  you  exhibit  the  polarity  of  a  horseshoe  magnet? 

The  projierties  of  magnets  were  at  one  time  accounted  for  by 
sup{K>sing  them  to  pos.sess  some  mysterious  fluid  called  JAtf/w/?<wm,' 
and  there  was  conceived  to  be  more  of  this  at  the  fioles  than  else- 
where. There  is,  however,  no  reason  to  believe  that  there  is  any 
"  Magnetism  "  existing  as  an  actual  entity  in  the  .same  sens';  that 
♦electricity  exists  ;  it  appears  rather  to  be  a  property  inherent  in  the 

'  Really  ttro  flaids  were  imagined  :  one  corresponding  to  northern  and  one 
U>  loatbern  polarity.  But  except  as  a  matter  of  history  the  whole  idea  is 
of  DO  consequence,— it  is  now  qaite  abandoned. 
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inoiMulM  of  thfb  oMgnalie  wihiliM^  iNii 
■ttitabto  oondilkNis  (§{  80,  91%    Tke  iMmm  oT  tlrfi  profNrty  fe 
traiuiiiiitied  to  Aoolber  macMlic  MifaiUaM  Mran  Um  air,  or  oUmt 
.  tmiof  medluiu,  in  mno  way  not  inily  imdvMood,  aad  ol  which 
.  it'tncntAry  pori^^"**^  nothing  need  he  aud 

81.  Magnetic  AttraetiOB  and  BapnliioiL    Actios  of  tht  lartk. 
Vakv  a  bar  magnet  or  a  maipietic  noodle,  A,  fOBpood  it  «>  that  it  cmn 

irn  horiaontally,  wait  till  it  comoa  to  rMt,  and  then  nark  tha  poloa, 

ty,  hy  putting  a  red  pith  hall  od  the  north  pole  and  a  blw  one  on 
;  lie  Mouth  ({  80).    Set  thia  magnot  aaide  with  the  marfcera  on  it ; 

hen  take  another  magnet,  B,  and  treat  it  in  the  mum  way.  Now, 
^oepiog  either  one  of  the  magneU,  aay  B.  aoi^iended,  bring  the  north 

•ol^  of  A  gradoally  near  the  north  pole  of  B :  we  get  ripmlmm, 
B  haa  oome  to  rest,  do  the  lame  with  their  iouth  poiea  :  a^dn  we 
^fmUiom.  Now  (B  baring  again  oome  to  rail)  being  the  noiih 
|iole  of  A  gmdnally  near  the  aooth  pole  of  B  :  we  get  ^tineticm ;  and 
the  aame  happena  if  we  tiM  the  aouth  of  A  and  the  north  of  R  Hence 
wv  have  tho  following  law:— Atie  pol^  repel  and  ftmJikt  attr^ati. 
ThiM  in  thu  fundamental  law  of  magnetic  action  ;  it  phiya  a 
ably  uiorv  important  itart  in  the  atndy  of  the  sabjeet  tluui  the  i 
law  in  electroatatica  ($  IR). 

With  regard  to  the  fact  that  a  wagnatie  needle  tandi  to  aeC  novth  and 
M)uth,  a  proliminarr  note  shoald  here  he  madeof  what  will  reoeiveddaCaUed 
attention  in  Chafiter  IV.-rir.,  that  the  tmrth  iUt{f  kekmvs  ms  m  mm§wi  :  il« 
oofthem  region*  attract  the  north  pole  aod  it«  soothem  the  looth  pole  of 
lie  needle  It  i»  really  the  force  exerted  hy  the  earth  palling  oaa  pob 
Mirthwarrtoaad  the  other  aoathwanU  that  Is  the  oaaM  of  the  needle  potot- 
:riir  in  theae  direotiona. 

82.  Test  for  Polarity.  Su|»poae  now  we  have  a  ateel  (or  iron)  bar 
\  \\  unti  wo  wish  to  examine  ita  magnetic  condition,  that  i^  lo 

'U't4*nnine  wlu-ther  it  im  magnetiMxl  at  all  and  if  ao  which  end  iaa 
north  |N)k*  and  which  a  Houth.  We  proceed  thiu :— Set  a  cottpaaa 
nttillu  on  H  pivot  and  bring  one  end  A  of  the  bar  gradually  towards 

he  north  |m»Ic  of  tht*  needle* ;  if  we  get  repUmm  then  A  is  the  north 
jHilc  of  the  har.  We  then  bring  the  end  B  in  like  manner  towmrda 
tht*  Houth  |K)le  t>f  the  needle,  when  repulsion  indinatea  that  B  ia  the 

•  >uth  pole.  But  auppoee  A  had  aiiraeUd  the  north  pole  of  the 
Moodle,  then  ao  far  as  we  can  tell  A  migr  be  a  aouth  pole,  or  il  may  be 
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neutral ;  for  we  have  seen  ($  79)  that  neutral  iron  attracts  a  niagnet  ;* 
we  muiit  therefore  go  a  step  further  and  bring  the  sanif  end  A  of 
the  Uir  to^aiirds  the  tauth  pole  of  the  needle ;  if  now  we  get  rf pulsion 
A  i»  a  south  pole,  but  if  we  still  get  attnvction  A  is  neutral.  We 
can  then  examine  B  in  like  manner.  The  jtoint  idwuys  to  betir  in 
mind  is  that  rejmlsion  is  a  sure  test  of  jmlarity  but  attnvction  is 
not.  It  is  a  common  practice  to  dip  the  bar  into  iron  filings  (§  79) 
prior  to  these  experiments,  so  as  to  know  beforehand  whether  it  is 
magnetised  or  not ;  if  the  ktter  we  need  go  no  further,  while  if  the 
former,  then  since  neutrality  is  excluded  the  attraction  of  an  eiul  by 
the  north  (or  south)  i>ole  of  the  needle  proves  that  end  to  be  a  south 
(or  north)  pole  ;  it  is,  however,  ini{K)rtant  in  any  ca.se  to  bring  the  bar 
gradually  towards  the  needle  from  a  distance,  otherwise  confusion 
might  arise,  from  induction  (see  §  87). 

83.  Magnetic  Induction.     If  a  pole  of  a  magnet  be  brought  near 

a  short  piece  of  steel  the 
latter  is  at  once  attracted, 
and  may  l:>e  lifted  as  shown 
at  a  (fig.  37).  Now  let 
another  .short  piece  of  steel 

T'TT'  Ikj  brought  near  the  lower 

y  .  .    end  of  the  first  piece  ;  this 

I'  second  piece  is  also  attracted, 

(a)  (6)  and  if  the  magnet  l>e  strong 

Fig.  S7.  enough    may   be    lifted   (/>, 

fig.   37).     If  the   upi>er  piece  be   now  gently  detached    from    the 
magnet  the  lower  will  still  cling  to  it,  and  if  the  two  pieces  be 
separately  tested  by  the  method  of  §  82  each  will  ])e  found  to  be  a 
magnet  with  poles  as  shown  (c,  fig.  37). 
If  the  experiment  be  modified,  as  indicated  in  fig.  38,  by  not  .mIIow- 

in;:  tin-  magnet  and  pieces  of  steel  to  come  into  actual  contact,  these 

'  As  will  be  explained  in  §  85,  the  iron  is  not  neutral  while  mar  th/' 
mojfnet,  bat  it  may  have  been  originally  neutral,  and  it  is  original  state 
thi^  we  are  conoemed  with. 


rtMulU  will  be  pfdmiy  Um  iwuif,  <}xcepi  UuU  Um 
MiroHifijf  nmgaaCkud. 

The  prodttctioii  of   »   maipiet,  m  in  tboie  •xptriflMiit'i    i 
ufliMiiieeolMioUi«riiiA|(n«t(«iUirr  with  or  withoQlaieliMlcui/ 
m  (mU«d  magniitiitkm  by  mdmeiitm,  aod  the  plMoooMnoB  in  gcucrul 
iM  t«nii«d  MagmtHe  induttum, 

84  Dilfbr«iOM  in  the  MAfnetic  B«lutTioiir  of  Iron  mA  SCmL 
Permanent  and  Electro  Mafitti.  Most  people  know  UmI  ttcrl 
and  iruii  arc  luit  fxiutly  tiiu  a«me :  tieel  it  in  generml  hnitler  Uuui 
iron  ;  Uiuk  while  the  Utter  oui  be  eaeily  filed  or  turned  in  a  Utho  it 
in  much  mort«  difKcult  to  do  lo  to  the  fonner.  DUTerent  varieties  of 
»Ux\  differ  grvHtly  in  hardneee:  "^mild**  tieel  is  nearly  aa  aoft  aa 
iron,  **hard"  «teel  is  very  hard  indeed,  "'medium"  steel  ia  iatcr- 
medlate.  In  general  if  a  steel  bar  be  made  hot  and  tliea  mtddemiy 
cooled  it  becomes  harder,  while  if  made  hot  and  grodmaUy  eool<xt  it 
beeomea  softer.  An  ordinary  knitting  needle  is  of  medinm  steel ;  it 
can  be  filed  with  moderate  difficulty,  is  tough,  and  requires  oon- 
siderable  force  to  bend  it ;  if  it  Ih*  uuule  red-hot  and  quenched  in 
water  it  liocomes  very  hard  and  brittle,  is  scarcely  touched  by  thr 
file,  and  can  be  snapped  into  pieoe«  by  the  fingent.  If  a  needle  thuji 
hardened  be  again  ntjule  nxl  hot  nnd  buried  in  hot  ashes  so  sa  to  cool 
very  slowly  it  becomes  so  soft  as  to  be  very  readily  filed,  and  can  be 
Itent  like  a  piece  of  copper  wire. 

Different  specimens  of  troa  hI.>«o  differ  much  in  hardnesa  OMt 
iron  is  harder  and  more  brittle  than  wrought  QeneiaUy  in 
magnetism  when  "iron**  is  spoken  of,  good  ""soft"*  or** annealed" 
imu  is  understood. 

Now,  althouKh  Iwth  inni  nnd  Steel  are  magnetic  substancea  they 
uitr«'t  iii!iiri)*<ti«^lly  in  two  important  respects.  We  shall  first  sloi^ 
tif  • .  .U..1  t).>  11  lieMcrilw  exiwrimentit  illustrating  them  :— 

1.  Iron  ij*  more  readily  magnetised  than  steeL 

•i.  Steel  when  it  w  magnetised  retains  ita  magnetic  proportiea  much 
better  than  iron. 

Both  these  points  of  difference  may  be  shown  thus :— Set  up  two 
strong  bar  magneta  vertically,  and  have  ready  a  doaen  or  so  litti<> 
Istfs  of  steel  (e,  fig.  97)  and  the  Mme  number  of  iron.  To  one  of  tbt* 
magnets  attach  the  steel  liars  one  under  another  (&,  fig.  7n\  and 
^v«  how  many  will  hang  on  ;  there  will  probably  be  only  two,  the 
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magnetic  strength  of  the  necond  bar  being  too  feeble  to  support  a  third. 
To  the  other  magnet  attach  the  iron  bars  :  probably  six  or  eight 
will  hang  on.    This  proves  the  first  of  the  foregoing  statement 

Next  very  carefully  detach  the  upper  steel  bar  from  the  magnet 
and  carry  it  away,  then,  as  already  seen  (c,  fig.  37)  each  retains  it* 
magnrtium}  Do  the  same  with  the  upper  iron  bar  ;  all  the  rest  will 
fall  off,  and  when  separately  tested,  as  in  §  82,  will  be  found  neutral. 
This  proves  the  second  statement. 

The  remarks  of  this  section  apply  not  only  to  magnetism  hy 
induction  but  by  all  methods,  rj/.,  by  the  electric  current  (§  168). 

The  details  depend  a  great  deal  upon  the  hardness  of  the  steel ;  if 
very  hard  only  one  piece  can  be  supi)orted,  if  medium  two  or  three, 
if  mild  more.  In  any  case  the  piece  in  contact  with  the  magnet 
becomes  more  strongly  magnetised  the  softer  it  is,  but  if  kept  for 
some  months  the  harder  specimens  would  retain  their  magnetism 
best. 

It  is  worthy  of  special  note  as  a  point  of  importance  to  the 
electrical  engineer  that  there  is  a  jxirticular  vaHety  of  steel  known 
as  "cast  dynamo-steel,"  now  largely  employed,  which  can  be 
magnetised  with  a«  great,  or  even  greater  readines.s  than  the  best 
wrought  iron.  On  the  other  hand,  the  so-called  "  manganese-steel " 
is  practically  non-magnetic. 

It  is  usual  to  classify  magnets  as  j^emianent  or  temporally.  Per- 
manent magnets  are  those  which  retain  their  magnetism  when  the 
original  magnetising  influence  is  removed  ;  the  simplest  forma  are 
the  ordinary  bar  and  horseshoe  magnets.  They  must  be  made  of  ntfel 
of  a  suitable  degree  of  hardness,  or,  as  it  is  technically  expressed, 
suitably  tmijxred.  Temporary  magnets  are  those  which  are  magnets 
only  by  virtue  of  some  external  influence  then  and  there  acting  upon 
them,  and  which  lose  their  magnetic  properties  as  soon  as  that 
influence  is  removed  ;  thus  a  soft  iron  bar  touching  a  pole  of  a 
]»ermanent  magnet  is  a  temporary  magnet.  The  most  important 
members  of  this  class  are  electro-mugnets  ;  they  consist  of  soft  iron 
bars  technically  termed  coreSy  wound  round  with  copi^er  wire  through 
which  an  electric  current  can  be  passed  ;  the  current  makes  the  core 

'  A  body  is  frequently  said  to  "retain  its  magnetism''  or  to*' lose  its 
magnetism."  The  phrases  are  relics  of  the  now  discarded  fluid  theory  (§  80); 
ihey  are,  however,  convenient,  and  do  no  barm  provided  we  regard  the 
word  '•  magnetism  "  as  a  xm-w  a}tl)n'viation  for  **  magnetic  proj^erties." 
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tutoA  very  powerful  imcMt,  bal  whm  Um 
the  oore  Umm  iu  migMtie  pio|MrU«L* 

KloeUo-iiMgiieU  will  be  mom  fully 
Voluie  eleetrieHy  (hirt  III.,  cbA|>.  V.X 

85.  Polarity  due  to  IndnetiML  Referrtng  to  fi(pi.  37  And  38  it 
will  Iw  wen  thiit  the  mmiA  |iole  (8)  of  the  bar  BMifMi  hns  been  oaod, 
and  thnt  tbo  end  of  etch  of  the  little  bnn  nenreil  to  it  hn«  beoaM  n 
'loriA  |iol<\  Tliin  \a^  of  roume,  proved  by  ertiuUly  teeting  willi  tlM 
iuiM(i)etic  ikimIIv  <$  8i>.  If  the  norlA  pole  (N)  had  been  enployed 
tbe  endii  neeront  it  would  bnve  been  wtOk  polai.  We  thill  hnve  tlm 
fdlowinff  Uw,  known  m  the  **  law  of  tndnoed  polarity  * :  Wkm  a  hmr 
U  wiagmtued  h^  md^tetiom  tkt  tmd  of  U  fMonef  tkt  imimem$  poU 
'trqtiirtt  poUuitif  of  the  oppomie  kmd.  The  itiident  ehoakl  aole 
liiM  very  carefully  ;  it  may  equally  well  be  niprwnd  by  MSrioc 
tlwt  the  end  /mrtMfti  from  the  indneii^  pole  MqairM  polarity  of 
theaiMM    ~ 


This  law  it  equally  tme  of  iron  end  ileeL    Bot  in  the 
il  b  tomewbat  more  troobleeooie  to  prove  it, 
beoaaae  the  bare  wbea  detaebed  from  tbe  magnet 
loM  their  pofauUy  altogelliar.    The  foUowii^  ez- 
|icriu)cnt,  however,  meete  the  oaae  (flg.  SB)  :— 

Hct  a  bar  mafaet  rertloally  as  nhowa,  and 
iioar  It  sttspeod  a  light  iron  bar,  A  It.  from  a 
point,  t),  by  moan*  of  a  threat)  and  a  braiu 
rtirmp,  8.  Bring  the  north  pole  of  another  bar 
magnet  gradually  tovarda  B  ($  K2) ;  it  will  be 
repelled,  B  la  therefore  a  n»rtk  ptle.  Then  bring 
the  eoath  pole  of  the  magnet  toward*  A ;  it  U 
repelled,  and  l«  therefore  a  mmih  ptU. 

RxKlctSB :— In  the  preceding  experiment,  in- 
nxvA  of  oeing  the  bar  magnet,  N  H,  a  hormahoe 
iiMgnet  b  phioed  with  the  north   and   aonth   poles  eader   B  and   A 
rt>iipecti«^ly.    What  will  be  the  magnetic  ooodltioii  of  A  B  f 

88.  Why  Hentral  Bodies  are  Attracted.  In  Og.  38  (a)  let  a  # 
repreeent  a  piece  of  originally  neutral  iron  or  steel ;  the  magnet  N  S 
acto  indnetively  upon  it  as  shown.  By  the  kw  of  {  81,  S  attr^U  a 
and  repeb  s.    Bat  n  is  a  good  bit  nearer  than  s,  consoqiMOtly  the 

>  Ualssi  ander  ipeckl  eiicamtiannm  (f  W). 
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attmcUve  force  excewU  the  repulHive,  and  on  t/ie  wIt/At  tlie  littlt  Uir 
is  cUiraeted  by  S.  This  explains  the  apiNircnt  attraction  of  neutral 
bodies ;  they  are  really  not  neutral,  hut  arc  niagnetised  by  induction. 
The  fact  is  often  expreH.se<l  thu.s :  imlwtion  jtreceiles  attrftction^  or 
induction  i»  the  cause  of  attnwtion. 

Strictly  8i>eaking,  we  .should  take  account  of  the  influence  of  the 
other  |>ole  (N),  Ixith  aa  re8|)ect8  inductive  action  and  force  exerted  on 
the  little  bar;  but  on  account  of  the  relatively  great  distaiKc  «»f  N, 
its  effects  are  small,  and  are  usually  neglected. 

Exercise  : — Will  N  on  the  whole  increase  or  diminish  ihr  ainactuni  on 
the  little  bar  ? 

It  should  be  carefully  noted  that  inasmuch  as  attraction  (in  the 
case  of  otherwise  neutral  bodies)  i.s  the  con.sequence  of  inductive 
magnetisation,  and  iron  is  magnetised  more  readily  than  steel  (§  84), 
a  given  magnet  attracts  iron  with  considerably  greater  force  than 
steel.  A  hard  steel  Imll  clinging  to  the  i)ole  of  a  magnet  can  be 
pulled  off  with  very  little  force,  while  a  companitively  large  force  is 

Orwjuired  to  pull  off  a  .similar  Imll 
of  soft  iron.     The  difference  is  also 
well  shown  by  arranging  a  j)ie<«  of 
' *  soft  iron  and  a  j»iece  of  hard  .steel 

l»a.s.s-needle,  as  shown  in  fig.  40. 
If  the  iron  and  steel  be  placed  at  efjual  distances  from  the  iK>le  the 
attraction  of  the  former  ^nll  be  gre*iter,  and  the  ix)Ie  will  be  deflected 
towards  it ;  by  removing  the  iron  to  a  greater  distiince,  as  shown  by 
the  dotted  outline,  the  two  forces  may  l>e  nuule  equal ;  they  will  then 
balance,  and  the  needle  will  j^o  back  t<)  its  natural  ]>osition. 

87.  Reversal  of  Polarity  by  Induction.  Not  only  does  induction 
magnetise  a  bar  originally  neutral,  but  it  may  reverse  the  i>olarity  of 
one  already  magnetised.  Thus,  in  fig.  .'^  (a)  supiK)se  the  little  bar  to 
have  been  originally  a  magnet,  with  the  end  nearest  S  a  south  i)ole, 
then  the  inductive  action  of  N  S  tends  to  make  it  a  north  jwle,  and 
if  strong  enough  will  reverse  the  previous  polarity  ;  in  fact,  this 
frequently  happens  in  practice  when  weak  magnets  are  allowed  to 
toach  strong  ones. 

We  can  now  see  why  it  is  necessary  in  the  experiments  of  §  82  to  bring 
the  end  of  the  bar  under  examination  gradually  near  to  the  pole  of  the 
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imdU/rtm  m  disimmrr,  Yot  MppoM  Um  poto  of  IIm  ■iiiHi  Ip  Iw  •  tt  om, 
ami  mppcM  tliai  tte  ood  of  A  of  lbs  bur  appwoU^  H  b  abo  «,  Umi 
ib«pokolllMMadtofHU,bjlaclM(k».taodloMlMAMffa.M4  If  ll» 
lodootion  bt  firoof  moi^  Um  lodMtlvt  mUoo  will  rvvww  Ali  oflglMl 
•tato.  and  Umtb  win  b«  m^rmHim  whieh  mifbt  l«d  w  lo  Isfbr  ttet  A 
waa  originally  K.  Bat  by  bringiiiff  li  op  ffadMUly  w<t  qui  gierilly  eoldi 
tbo  rvpalaive  actioD  befora  lodtiotloo  bacoaaa  ftronf  aooogh  to  ivvacao  Hm 
original  polarity.  Of  ooaiw,  rapolaion  la  alwaya  porfoetly  lolkbW ;  tbo 
ilangor  is  that  wo  may  loaa  tho  chanoo  of  gottlof  II  thfo«gli  loo  gfoal 
hurry.  In  tho  Mmo  way,  proridod  wo  havo  already  aoooHalood  that  tho 
body  nodor  oramliiatloa  b  not  nootral,  attimctlon  b  rollabb  ^fit  is  f^mmitu 
and  not  doo  to  wiroraad  polarity. 


88  Diitribution  of  Polarity  in  MAgnett.  LaUral 
PolArity.  Simple  Magnet.  If  an  t>rttiiiary  Ur  or  btimeahoe 
U<  liipiMil  into  inm  tilinga,  and  thtMi  Uken  out  and  fBBtly  \ 
iii«Mt  tilin)^  will  lie  found  lulhering  round  the  eodoi  mm 
iin«l  ffwff  liH  we  approneh  the  middle,  where  there  are  noot  at 
all.  .\KHin.  if  we  teat  different  parte  of  tho  magnet  by  |ffWMnling 
thfin  in  turn  to  a  oompaaa-needle,  aa  in  f  Ri,  we  find  in  trmvolliaf 
fmni  the  north  pole  to  the  middle,  all  the  partA  refiel  the  tujrik  pole 
of  the  needle  with  a  gradually  diniiniMhing  force;  in  tntvelling  froM 
the  aooth  pole  to  the  uiiddk\  all  the  |iartB  repel  the  aotilA  |M>b  uf  ibe 
needle  with  gradually  diminiahing  force,  while  ai  the  middle  neitber 
fiole  i«  repelled. 

We  thua  learn  that  the  polarity  of 
the  magnet  is  not  confined  to  the 
polea,  bat  ia  digtrihtUed  in  a  mrpimg 
degree  aU  over  iU  tMr/aer.  The 
polarity  along  the  sides  of  the  magnet 
is  termed  laierai  polarity,  that  at  the 
ends  being  sometimes,  for  diatinctioo, 
called  t*nmnrtl  polarity. 

Fig.  41  ahowH  grophicHlly  the  db- 
trihution  of  Ut«*ral  fiolarity  in  an 
onlinary  Iwr  niagnet.  N  8  represents 
the  nugniet,  ami  at  a  niini)>er  of 
IMtintM  tak«*n  at  e<|iiiil  tlixtAncei*  alonK 
itM  lenxth  iierinMuliruIaTH  are  erectwl  |»ro|M)rtionid  to  the  »iniik'tl»  "' 
the  |H)bu-ity  at  that  |»oint.     If  the  |ii>ri>en<licukn»  an)  drawn  u»  th. 
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left  of  the  magnet  for  northern  polarity  and  to  the  right  for  southern, 
then  the  curve,  w  o  *,  drawn  through  their  extremities  gives  the 
denired  graphic  representation.  It  clwirly  Bhows  the  gnwluul  wcjiken- 
ing  of  iK)larity  from  either  fjole  to  the  mi<Idlc;  the  latter  region 
when  the  i>olarity  is  nil  is  sometimes  called  the  magnetic  e([uator 
(see,  however,  §  93). 

The  i)oIarity  at  any  iK)int  of  a  magnet  is  frequently  said  to  be  due 
to  the  ftre  magnetism  at  that  point.  The  phrase  is  a  relic  of  the  old 
fluid  theory  (§  80),  but  is  sometimes  convenient.  Thus  the  above 
curve  is  said  to  indicate  the  dittribution  of  free  nuignetism. 

If  instea<l  of  an  ordinary  magnet  which  is  of  considerable  thick- 
ness we  examine  a  thin  one,  such  as  a  magnetised  knitting-needle,  it 
is  found  that  there  is  but  slight  polarity  along  the  sides,  though  that 
at  theentlsmay  be  strong,  and  also  that  the  thinner  it  is  the  less  is  its 
lateral  |)olarity,  so  that  if  we  could  make  it  ijulejimielti  thin,  its 
|)olarity  would  Ikj  entirely  concentrated  at  its  ends.  An  indefinitely 
thin  magnet  (whether  straight  or  not)  is  called  a  simjtle  imujnet^  and 
is  the  only  kind  of  magnet  that  really  iwssesses  [K)int-i>oles  (cf. 
§  80) ;  a  thin  needle,  if  proiierly  magnetised,  is  a  sufficiently  close 
approximation  to  it  for  jiractical  purposes. 

SUMMARY  OF   MOST   IMPORTANT   1»01NTS   IN   CIIAITKR   I. 

1.  Distinction  between  magnets  and  magnetic  substances  (§  78). 

2.  Poles  and  polarity  (§  80).  The  pole  that  points  to  tlu:  north  is  called 
the  north  pule. 

3.  Like  polet  repel  and  wilike  attract  (§  81).  The  earth  behaves  as  a 
wuufnet. 

4.  Use  of  compass-neetlle  to  test  polarity  (§  82)  ;  repuUion  is  attoays 
reliable,  but  attraction  Ls  not. 

5.  Magnetic  induction  (§  83),  and  the  law  of  the  polarity  thereby 
produced  (§  85). 

6.  Differences  in  the  magnetic  behaviour  of  iron  and  steel  (§  84). 

7.  Induction,  precedes  attraction  (§  86).  Reversal  of  polarity  by  in- 
duction (5  87). 

8.  The  polarity  of  a  magnet  is  in  general  not  confined  to  it^  pole.**,  but 
<listributc<l  in  a  varying  <legree  over  its  surface.  Terminal  and  lateral 
polarity :  The  only  case  where  lateral  polarity  is  entirely  absent  is  that 
of  a  simple  magnet,  which  has  true  point'poles  (§  88). 
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BZIBCIBn  ON  CUAITBE  1. 

1.  Yo«ai«d«iUM  vbMlicrAitodlradfciBMlralorillgliUjri 
buw  oooM  yov  iad  Ml  bj  trying  lU  aolkNi  apoa  •  nwpm  Madtof 

S.  WbatUtbeBMfMdoonadltkMiof  •lmror«llifMlMia 
above  and  pMalM  to  a  har  laigim  oi  Um  mmm  aiaa  inHf  horiaolally  oa 
atabb? 

8.  A  bar  oM^iMi  U  laid  on  a  tabia  wilb  iU  N  «id  pfojaollit  •««  ^^ 
•dfa.  A  aoTt  Inm  ball  olin^a  to  Iba  aadar  ikla  of  Uw  ptpjaathig  aad. 
Stala  and  axplaiii  wbal  hapnoiM  wbao  Iba  H  pola  of  a  aaoottd  bar  a«gaal  li 
broogbt  above  and  naar  Iba  N  pola  of  Iba  iiM  f 

4.  Sappoaiof  tba  flrat  magiMt  aad  ball  anaagad  aa  la 
qoaalloB,  alata  aad  axplala  wbat  bappeas :  (I)  Wbaa  iba  K  pola  of 
mHBai  to  pbuwl  oadencatb  iba  ball  a  little  «ray  tnm  it.  (S)  Wbaa  tba 
K  pole  of  aaotbar  BMiraet  to  ditto. 

5.  If  a  oooBpaM  aaedle  U  deflected  wbeo  a  iteel  bar  to  broogbt  aaar  It 
bow  oao  yott  find  out  wbelbar  tbe  defleadoa  to  doe  to  ■agaattoM  atraadj 
lioaaoMod  bj  tbe  bar,  or  to  the  bar  bacwlng  magaaHaad  bj  tiM  ooaipaai 
aaadto  at  iba  tlaie  of  tbe  azpariaieoi  F 

6.  A  ooMpaia  aaedte  aad  a  airaigbi  strip  of  toft  Iroa  of  tba  mam  toogtb 
are  faataaad  togetber  ao  aa  io  be  la  ooataot  at  botb  eada.  Wm  tba  foroa 
teodlog  to  nwka  tbe  oomblDatkm  poiai  aortb  or  aoatb  be  tbe  mubo  aa 
that  which  woold  act  oo  iba  ooaipaai  needle  akme  1    Oive  laainaa 

7.  Two  ban  of  iofi  iroa  are  eo  placed  to  tbe  eaat  aad  weat  of  tba  aofth 
pole  of  a  oompaaa-naedle,  thai  the  Utter  utill  pointe  N  and  K  If  tbe  Iroa 
to  tbe  K  of  tbe  needto  be  reptooed  by  a  bar  of  bard  atcel  of  esaotlj  tbe 
auae  atoe  aad  abape  aa  itaelf,  will  tbe  dirwriioa  fai  wblob  tbe  aaadla  palaU 
bealtefodr    If  ao.  In  wblob  dlrecUoa  wUl  it  aMve,  aad  why  f 

8.  A  oompaaa-needle  to  defleotad  by  a  bar  au^nei  plaoed  aosM  dtolaaca 
awayfrotnii.  How  to  tba  daJacttoa  ■odifled  (if  at  all)  wbaa  a  bar  of  aolt 
iron  to  pUced  parallel  io,  bat  not  toaobiag;  tba  oMgaet  f 

%,  A  varUoal  atecl  rod.  of  whieb  a  portion  of  lat^tb  laaa  tbaa  baU  tbat  of 
the  rod  la  atock  into  tbe  earth,  to  foaad  to  be  mtbar  atiaagly  aiagniriiiil.  If 
jou  were  givea  a  oompaaa-aaedto  aad  a  fboi-rale,  bow  ooald  yaa  witboat 
autarbiog  the  rod  form  aa  eatlmaU  of  tbe  leogtb  of  tbe  baiiad  portioa  f 

10.  One  poto  of  a  nagaat  auMle  of  aoft  iron  and  oalj  weakly  nagnallni 
to  foand  to  be  repelled  by  tbe  north  pole  of  a  atroaf  aMgnat  wbaa  tlw  kliar 
to  aone  diatanoe  away  but  to  be  attracted  when  tbe  magneU  are  broogbt 
doae  togetber.    Kxptoia  ihto. 


CHAPTEK  II. 
NATURE  OF  MAGNETISM. 

89.  Magnetism  a  Molecular  Property.  Fundamental  Experi- 
ment. We  have  alretuly  (§  80)  iKiint-ed  out  that  iiuigiietisin,  unlike 
an  eleotrical  charge,  is  not  something  wliich  win  l>e  put  on  or  taken 
off  a  iKxly,  but  is  t-o  be  regarded  as  a  ]>roi>erty  inherent  in  the 
molecules  of  iron  and  steel  and  that  magnetisation  simply  consists  in 
so  treating  these  substances  that  this  proi)erty  shall  manifest  itself. 
Why  it  does  not  do  .so  under  ordinary  circumstances,  and  what  is 
done  to  the  molecules  in  the  process  of  magnetisation  to  make  it  do 
80,  will  appear  in  due  course.     If  we  take  a  thin  magnetised  steel 

l»ar  (a  knitting-needle  is  very 

A c       c'  B    convenient),  as  A   H  (fig.   42), 

s     s  s     and  break   it  at  any  place  C, 

Fig.  42.  we  shall  find  on  testing,  as  in 

§  82,  that  each  iwirt,  A  C, 
C  B,  is  itself  a  cfmij)let^  nuvgnet.  A  and  B  ]>eing  the  original 
north  and  south  poles  respectively,  will  remain  so,  while  C  will  l)e 
found  to  be  a  south  pole  and  C  a  north.  Further,  if  either  of  the 
bits  be  broken  again  the  same  thing  will  be  found  to  be  the  case, 
and  so  on,  no  matter  into  how  small  pieces  the  original  magnet  be 
divided.  It  is  even  iK>ssible  to  grind  a  magnet  to  powder,  and  still 
each  fragment  is  a  magnet,  as  is  proved  by  the  fact  that  the  iK)wder 
is  attracted  by  neutral  iron.  It  is,  moreover,  impossible  by  any  known 
means  to  obtain  a  piece  of  substance  containing  one  kind  of  italm-ity 
only.  It  is  thus  clear  that  magnetism  i.**  a  molecular  property  : '  the 
only  question  i.s,  what  is  the  difference  l>€twecn  a  magnetised  and  an 

'  Of  coarse  the  particles  of  powder,  however  fine,  are  not  actual  mole- 
cale8,  but  there  can  be  no  reasonable  doubt  that  if  we  could  obtain  the 
molecules  Mparately  they  would  be  found  to  be  magnets. 
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ttBOMifBeliMd  barf  Vom  Uw  pfocMi  of  miQiHrii^  coaftr  Ub» 
pioiMrtsrooIlM  molteokt,  or  don  it  nMraly  timi  Umoi  ialo  poiitkNM 
favourmhlo  to  iU  muiifwUtion  f    We  aIuU)  mo  m  wo  ptoetod  IImi 

there  ii  every  retaon  for  •ccepiiiix  the  Utter  oe  the  tme  oipkuMtioB. 
9a  Xftfitllo  (teiai.  TaketwobormiigDeUortlienaeibeAwl 
>triti>;th,  aodpteee  them  together  M  in  fig.  43.  Then  hrii«  tithir  ol 
the  ijoim  of  polei,  N,8,  or  N^^neMr  the  pole  of  a  eoni|Me  noedk ; 
they  will  prodnoe  mueh  leee  ^    s 

tleetion  than  a  aingb  polo  of  one     ['  ^^' 

•f  the  magnets  woold  hare  pro-    H,  J^ 

•Ineed,  and  a  nimilar  effect  will  rig.  a. 

)«  ohienred  if  we  teet  them  by 

tlioir  indurtive  Hction  on  a  little  \mT  mh  in  fig.  37  or  SH.  It  thun 
apiimrH  that  thv  two  niagnetx  t4*iMl  tu  neutrmliM  one  another  «> /fir 
as  tkr  exirmal  jirld  I  I'j  amrrmnl.  i  K  cotinm  there  is  no  diminotioii 
of  |M)Lirity  of  thr  magmtU  ikemtseit^t^  it  Ih  Hini|i|y  that  one  pole 
mure  or  le«u»  iKuitniliaes  the  ^fxt  of  th«  other  m>  timt  the  pair  poeaeM 
very  little  Jret  pofaurity :  in  all  caM^  it  i«  Jrm  polanijf  that  alone 
can  prodnoe  an  external  field.  A  hiniiUr  phenomenon  is  obaenred 
with  the  arrangement  in  fig.  44,  or  with  any  number  of  magnate 
of  the  Mune  strength  di8|ioHed  h<>  an  to  form  a  chwed  geometrioil 
Hgun*,  the  north  |iole  of  each  toQching  the  south  |M>le  of  the  next ; 
AUch  an  arrangement  poueemiea  comparatively  little  frve  poUrity. 
Any  such  arrangement  ia  called  a  d^tmi  nntifnetic  ehtum. 

SupiiOHe  now  that  in  a  cluitcd 
cluiin,  e.ff^  fig.  44,  we  sepaiate  two 
of  the  polea,  say  N|  and  S»  then  the 
free  polarity  ia  at  once  increased 
and  the  external  field  strengthened  : 
tlie  chain  is  now  said  to  be  open. 
Of  course  with  ordinary  bar  magnets 
we  can  never  get  compUU  neutrali- 
sation of  external  effect,  partly 
Itecause  their  thickness  prevents 
their  ends  coming  into  contact  at 
all  pointjs  and  partly  on  aceonnt  of 
lateral  |M>larity  (§  88).     But  if  the  magneta  were  simple  magneCa 

■  Any  region  In  which  magnetic  aolion  fa  enrted  is  called  a  nugi>«^i« 
ttekl. 
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($  88),  a  closed  chain  made  up  of  them  would  produce  no  external 
effect  whatever.  In  other  words,  a  nmfde  doaed  magnetic  chain 
ha*  no  free  polarity. 

91.  Molecular  Theory  of  Magnetism.  This  theory,  which  is  the 
one  now  univcrsiiily  a(l<>])tt<l  aii<l  lias  Ikjcii  much  elaborated  by  Pro- 
fettsors  Hughes  and  Ewinj:,  supposes  that  evn-y  molecule  of  a  magnetic 
tubHance  is  a  minute'  simple  nutgnet.  How  it  comes  about  that  such 
is  the  case  is  not  known,  but  the  property  is  sup)>osed  to  belong  to 
the  molecule  itself^  and  the  molecules  of  an  unmagnetised  steel  or  iron 
bar  possess  it  just  as  strongly  as  those  of  a  magnet.  What  then  is 
the  difference  between  the  two  ?  Simply  this,  that  wfun  unnuujtietisedj 
ffte  mrAecvles  are  90  arranged  as  to  form  a  number  of  dosed  nuignetic 
rlutins  while  when  magnetised  the  cluUns  are  vwre  or  less  oj)en.  The 
exjict  arrangement  of  the  molecules  in  either  ca.se  is  unknown  ;  in  an 
unmagnetised  l)ar  it  is  prolmbly  of  an  altogether  hiKgledy-piggledy 
charat'ter  while  in  an  ordinary  bar  magnet  there  is  nmch  evidence 
that  the  arrangement  is  as  fig.  4.5.     In  this  figure  each  little  line  N  S 
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Fig.  45. 

represents  a  molecule,  and  for  convenience  of  drawing,  gaps  are  left 
l>etween  the  N  of  one  molecule  and  the  8  of  the  next,  though  in 
reality  they  are  supposed  to  touch.  It  will  be  seen  that  throughout 
the  interior  of  the  magnet  every  molecular  pole  touches  an  opposite 
IK)le  of  its  neighbour  so  that  the  two  neutralise  one  another  and  the 
interior  possesses  no  free  polarity  ;  on  the  other  hand,  at  the  ends  and 
along  the  sides  all  the  molecular  poles  are  free,  which  accounts  for 
the  terminal  and  lateral  polarity  of  the  magnet ;  the  accumulation  of 
free  molecular  north  poles  at  the  end  A  makes  that  end  the  N  pole 
of  the  bar,  while  the  free  molecular  south  poles  at  B  make  that  the 
S  pole.* 

EXEBCISB  1 :— How  does  the  diagram  indicate  the  gradual  wPHkr-nirur  r>f 
the  lateral  polarity  from  the  poles  to  the  eqaator  7 


'  In  the  diagram  only  Hvc  chains  of  molecules  are  shown,  bat  of  coar:ie 
in  reality  there  are  many  millions, 
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FiK.  W  abowt  An  ideal  tamammmi  ol  Om  boImsIm  Io  a  umt- 
notiMd  har :  it  rarrMpoiKU  to  Um  abtencv  of  Uteiml  pokrity,  and 


>   ■ 


B 


•'."  Uir  U*  vfry  thin  doM  not  fairHy  rvpfMmi  iU  true 
vtiiiviK-u  it  i^  li«iweT€r,  nsiidly  ttdoptod  wbea,  m  fre- 
lucntly  occuns  wv  aro  not  ooncMiied  with  tbo  klenU  puUrity. 

KxKBCJMC  9  :  -Dmw  a  dIagiBB  far  a  bomahoo  laafmi  afisr  Um  aianmif 
r  t\x,  46,  mkI  al«o  afur  tlie  omwo  oorreot  manpar  of  flg.  lA. 


The  iiiolv4uh»r  thfury  at  onee  explaina  Uw  dfoci  of  braakiof  a 
iiiairn«t  (§  Hii).  For  Hiiice  the  nioleculea  are  by  their  very  nature 
tiibreakable,  thv  fmrture  nitiiit  take  pUice  Of  (teem  and  not  /AitMgA 
t  honi ;  rcfvrring,  then,  to  figH.  iA  or  46,  it  is  dear  that  each  f rartored 
face  uiuiit  contain  an  accuniuUtion  of  fnM}  niolecuUr  iiolea,  north  on 
one  and  itouth  on  the  other.  The  anddeo  freeing  of  theae  two  aets  of 
|M»le>M  which,  prior  to  the  frarture,  nentimliaed  one  another,  aoeooota 
tor  the  development  of  Mtrong  free  |K>Urityat  parta  of  the  nagnet 
Nvlit  rv  pre%'iously  none  exinted. 

Oil    Internal  and  EztenuU  Kagnetisation.     Circomferential 

]CigB«tiMUio&.     If  we  lontnLst  ti^    V*  or  46  with  the  higgledj- 

pig^edy  armngement  of  the  moUi  ulen  in  an  anmagnetiaed  bar,  w% 

see  that  although  the  interior  of  a  magnet  poMeMea  no  free  polarity 

it  is  in  a  very  diflferent  state  from  the  unmagnetlaed  bar  ;  it  poeaeases 

ill  fiu't  what  is  known  as  intrrmU  mngnttimUion^  the  free  |ioUrity  on 

•  lit'  stirface  being  termed  extrmai  magnttimMtioH,     As  we  ha\'e  seen 

>'^  HU,  91),  aa  soon  as  the  magnetised  bar  is  broken  or  cut  across, 

•iiH*  tif  it.H  internal  magnet amtion  becomea  external  and  manifeaU 

t  M>lf  hy  acting  on  a  compaaa  noedle,  etc,  but  of  ooune  breaking  nn 

i/ii magnetised  bar  does  not  produce  any  such  effect. 

If  we  take  a  steel  ring  all  cast  in  one  piece  it  is  poaiihle  by 
-nt.ilile  treatment  to  magetise  it  x ii x m^imiiiwUf^ ijg^ ao  thai  the 
III*  1*  iules  are  arranged  parallel  to  the  eifemnfifeiice  all  round  as  in 
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fig.  47,  without  any  of  their  \io\e»  abutting  on  the  sides  of  the  ring. 

In  this  case  the  niHKnetiHation 
iH  entirely  internal  and  no 
matter  how  strong  it  nmy  be 
the  ring  produces  absolutely 
no  external  field,  and  affects 
a  compass  needle  merely  as 
a  piece  of  neutral  steel  would 
do.  But  if  we  file  through 
the  ring  at  any  part  and  then 
slightly  separate  the  cut  faces 
they  at  once  exhibit  free 
]K)larity,  one  northern  and  the 
other  southern  and  ])roduce 
the  usual  effects.  If  we 
reclose  the  ends  these  effects 
again  in  a  great  measure  dis- 
appear, but  never  entirely  as 

the  process  of  filing  joggles  some  of  the  molecules  out  of  f»lace  and 

develops  more  or  less  lateral  i)olarity  neur  the  cut. 

93.  Other  modes  of  Magnetisatioo.    Irregular  Magnetisation. 

In  atidition  to  the  modes  of  magnetisation  indicated  in  ligs.    I.'.,    IT.,   17, 

there  are  innumerable  others  all  of  small   imiwrtance.     Thus  it  is  possible 

to  magnetise  a  bar  so  that 

its  molecules  set  sidtway* 

more  or  less  as  in  fig.  48. 

The     poles    of     such     a 

magnet  would  be  \isface» 

A  B  aud  C  1),  and  when 

suspended  so  as  to  be  free 

to  turn  horizontally,  A  B  would  face  north-wards  and  C  D  southwards. 

Such  magnets  are  rarely  met  with  and,  as  will  be  explained  in  §  116,  are 

difficult  to  make. 

With  regard  to  the  bar  and  other  magnets  hitherto  considered,  they  have 
been  what  may  be  termed  reguUirly  magnetised.  The  characteristic  of  such 
is  that  their  poles  are  of  equal  strength  and  that  their  lateral  polarity  is 
uniformly  distributer!  over  the  two  halves,  the  magnetic  equator  lx»ing  in 
the  middle  (cf.  §  H8).  But  it  is  quite  fMJssible  to  make  irregular  magnets 
for  which  these  statements  are  not  true.  An  irregular  magnet  may  easily 
be  made  from  a  knitting  needle  by  allowing  one  end  to  remain  for  several 


Art.tl]  If  ATUMt  or  MAomrrmii. 

mlnaUw  In  ooolaoi  with  ooo  of  tlw  ptikm  td  m  MfWf  tor  or  lte»f«.«».ir 
nia«tM>t.  Call  Um  BMdIo  A  B.  aad  MppOM  «•  MBploy  Um  X  poW  ol  Um 
tiuM(o«i  aimI  pUet  it  afAitta  Um  end  A«  Umb  Um  OMdl*  will  to 
•o  thai  Um  OMfMiio  aqoAlor  (K)  U  maoli  Maivr  A  Uma  B. 
•uuthern  polarilj  will  to  ooooMUmtad  frtNB  A  to  B  vbiW  Um 
br  itilTuM«l  over  Um  graator  iiMoa  froa  B  to  B.  lo  aa/ 
tto  Mmi  norUMni  and  •ooUMm  polarity  are  •qoal.  fto  ttol  fa  tto  obm 
ooMidoiad  tto  #mI  A  wUl  to««  ■troofor  polarity  Umo  Ito  mm!  B. 
Kx  Kac*i«B(.  - 1 .  \\y  wto>  «sparinMnla  wookl  yo«  provo  ail  tUa  f 
3.  l>raw  a  iliagnun  of  tto  molacalar  anmagament  la  a  olioalar  itoal  plate 
nagnatiaad  radially,  iu  ceotrs  pn— Mlag  norttoni  anol  Ito  dreaahiii » 
•ottttore  poUrity. 

91  Explanation  of  MagnetUation.  Ma^etiiing  Force.  Mag 
B«tie  Bataration.  A< ...r.iiiig  to  the  molecular  theoiy  tto 
of  magnvti-^iiiK'  n  i>ii*<  v  of  iron  or  steel  whettor  effected  bjr 
inilurtion  or  by  Hiiy  of  the  methods  to  to  soheequent^y 
cunNiHU  in  niakiiiK  iu  molecules  rotate  from  a  position  in  whieh  all 
their  chaiiiii  art*  closed  to  one  in  which  at  any  rate  some  of  ttom  are 
oiK*n,  and  m  u  noniewtot  curiouit  piece  of  direct  eridence  in  favour  of 
thi.H  niH>'  )m>  mentioned  the  faciM  ttot  a  liar  iH  found  to  increase  in 
\vuicth  very  slightly  during  magnetisntton,  and  also  that  when 
Mi.l.liMily  msgnettsed  by  a  strong  eleetric  current  ($  198)  it  gives  a 
-k :  both  these  cirrumiitanceii  appear  due  to  mhih*  kind  of 
i  rearrangement.  In$  lU3weHhHllgiveAMtrikinK«'X|M'rini<*nt 
ill  further  support  of  this  view. 

Any  influence  tending  to  magnetise  iron  or  steel  is  tflrmed  a 
uuujHetimng  foret^  and  such  a  forc<f  exiHtu  in  every  magnetic  field. 
Sii|»|iase  now  a  neutnd  tor  of  iron  f»r  xteel  U)  Mubjeeted  to  a  wrnk 
iiiafciietiiiinK  force,  it^|uiruM  weak  i»oUnty  ;  if  then  the  nuiKncti>«iiig 
forcf  Im;  increHMed  it  aoquireM  Htronger  |iolarity,  and  tu»  on.  Hut  tto 
ur(|iiired  |ioUrity  don  not  ineretue  imie/initfiy  with  ike  twt*jmftUim0 
hnrr,  there  in  a  certain  point  which  varie>i  for  different 
lieyond  which  it  is  impossible  to  increase  tto  poUrity 
tto  msgnetistng  force  to  msde;  this  point  is 
lolwralsbii,  and  when  tto  specimen  has  attained  it  it  b  said  to  to 
MlnntlcdL  Tto  explanation  is  that  as  tto  nngBettoUioo  tncrMSM 
m  mart  and  mort  moUe^dar  ekains  art  oprntd^  so  soon  an  Umj  um 
nil  o|)ened  of  course  tto  ptocess  must  stopi  Mn^mgHe  mttmntiom 
thuA  corret§Mmd9  io  the  opening  omio/nHika  mtoUemUur  dtosna. 
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95  Explanation  of  Demag^netUation.  When  for  any  reason  a 
magnetiHod  liar  HUHtninM  a  diminution  or  1o.h8  of  niaKnctination  we 
niUHt,  according  Ui  the  »anie  theory,  regard  it  aH  due  to  a  closing  up  of 
Home  or  all  of  the  molecular  chainH  that  were  previously  open. 

All  magnet8  tend  to  l>econie  weaker  with  time,  m  that  this  closing 
tendency  would  ap})ear  to  be  always  present ;  its  cause  is  doubt- 
less the  mutual  attractions  between  unlike  poles  of  neighbouring 
molecules  though  the  exact  manner  in  which  these  attractions 
operate  is  often  difficult  to  trace. 

96.  Molecular  Rigidity.  We  liave  already  seen  (§  84)  that  it  is 
iiKtu  (linicult  to  magnetise  steel  than  iron,  but  that  when  magnetised 
it  remains  .so  far  longer  than  iron.  This  is  explained  by  supposing 
that  magnetic  substances  offer  a  certain  opposition  to  the  rotation  of 
their  molecules  which  varies  in  different  specimens,  being  very  small 
indeed  in  soft  iron  but  considerable  in  steel.  The  opposition  in 
question  is  sometimes  called  coei'cive  force,  but  this  expression  is  open 
to  objection  :  in  place  of  it  the  term  molecular  tigidity  is  now  more 
commonly  employed  ;  it  is  a  mechanical  property  closely  allied 
to  that  uiJon  which  hardness  depends,  for  the  harder  a  specimen 
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of  iron  or  steel  the  more 
difficult  it  is  either  to  mag- 
netise or  demagnetise— that 
is,  the  more  opposition  it 
offers  to  the  rotation  of  its 
molecules. 

97.  Retentivity.  Tiiejiower 
which  a  subsUince  |)0.sses.ses 
of  "retaining  its  magnetism" 
is  cAlled  its  retenlivity ;  it  is 
in  general  a  conse-quence  of 
molecular  rigidity.  There  is, 
however,  a  kind  of  artificial 
retentivity  or  retention  wliich 
does  not  depend  upon  mole- 


cular rigidity  at  all,  but  upon  vmkiiig  the  nioufnH  jxirt  of  a  cloned 
nmffnetic  chain.  This  kind  of  retentivity  and  the  explanation  thereof 
will  be  clear  from  the  following  experiment :— Al)ent  bar  of  soft  iron, 
X  A  S  (fig.  49),  is  surrounded  by  a  coil  of  copper  wire  whose  ends  are 
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•tiiM  •  t<  i  i.>  ill.  U'lniiiMlii  of  m  imitmry,  ao  m  to  form  an  •l«Uo' 
M  ik'ii*  t  <^  IQdX'  Tb«  current  being  Mwitrhod  on,  Um  Imit  ^ii—iai 
strongly  mngDHiMd,  iu  Molocvki  MUing  thmamkwm  aU  aloaf  it  ia 
th«  mAnner  ideally  rcpreientod  by  ii  ■  ii  t.  .  .  .  A  pioea  of  mdt  ifoo, 
I  (So,  \\  ia  pkoed  againit  one  of  the  poles,  i^  N  ;  it  edbeiee,  beii« 
iiiagnetiaed  by  indnodon,  lU  moleeolee  tettinf  tliemeelTee  ee  ilMMrs. 
The  cQiTent  11  DOW  ewitehed  off:  imlaiitly  the  pieee  I  f«IU,thehw 
N  A  8  loebg  all  iu  mfnetiwi,  Here  there  ki  no  retention  ;  while 
the  current  is  on,  the  moleettUr  chaim  ere  open,  but  ee  toun  en  it  ie 
Hwitched  off,  owing  to  hiek  of  moleCTJir  rigidity  in  the  eoft  iron  they 
rloM  up  in  accordance  with  the  teodeney  pointed  out  in  f  fift,  ruenming 
the  hiiBiMy-piggledy  arrangement  characteriMic  of  neutrality. 

We  DOW  again  switch  on  the  enrrent  to  aa  to  remagnetiee  the  bar, 
and  then  place  a  pieee  of  eoft  iron,  1 1\  acroea  both  polee  (Na  S) :  it 
adherea,  being  magnetieed  by  induction,  and  the  moleralee  aet  aa 
ahown.  The  current  ia  now  awitched  off,  and  the  piece  I  V  dom  not 
/all ;  it  adherea  almost  aa  firmly  aa  when  the  current  waa  on,  and 
iiMy  be  made  to  Nupport  a  eonaiderable  weight  Here  we  hare  the 
kiml  of  retention  in  question,  and  the  reaaon  ia  lAai  tke  tmoUemUa  t^ 
\  A  S  .f  /I./  o/ 1  r  taktn  together  form  a  doted  wtagmeUc  dutin.*  Now, 
tie-  incixMilfMof  adoaed  chain,  unlike thoee  of  an  open  one,  have  but 
litt]<  t«  ii.iiiity  to  rearrange  themaelrea,  hence  on  removing  the 
origiim)  magnetising  influence  the  condition  of  tht;  liar  remains 
practically  unchanged.  II  now  we  detach  the  iron  1 1'  l»y  main  force 
we  destroy  the  doeed  chain,  the  higgledy-piggledy  arrangement  is  at 
once  resnmed,  and  on  again  placing  the  iron  acroes  the  ends  N  and  8 
It  will  not  adlien*. 

9&  Keepcn.— The  piece  11  \,Skk  t,  fiK.  49)  eoniititutee  a  kwf^ 
or  ormolwrv ;  by  it«  meanit  the  magnetijuu  of  the  bar  might  be  retained 
for  many  months.  Keqiers  are  commonly  employed  to  aasist  in 
retaining  the  magnetism  of  permanent  magneta,  for  even  with  stcd 
of  high  molecular  rigidity  there  is  always  a  tendency  for  the  mole* 
culea  to  go  back  towards  their  higgledy-piggledy  positions  if  their 
(bains  be  left  open.  The  arrangement  of  a  keeper  attached  to  a 
permanent  horseshoe  magnet  ia  the  same  as  that  of  Ka  S  above ;  it 

*  The  diagram  ahowa  only  what  In  evential  to  oarpraeent  djaciisdim  the 
wire  and  bailery  are  not  dieted. 

"  Or  ratbsra  nombar  of  aoeh ;  only  one  atifag  of 
the  diagnuD. 
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is  UMiial  to  put  the  magnet  away  in  a  box  or  on  a  hook  with  the 
kei>l»er  aorosH  it.  With  bar  magneto*  the  practice  i8  to  keep  them  in 
)>airi^  ^ciu'rally  with  a  strip  of  wood  between  and  a  kce})er  at  each 
end,  as  in  fig.  TiO. 


ExEBTisES  :— 1.  Draw  a  sketch  showing  the  arrangement  of  the  mole* 
cules  in  the  bar  magnets  and  keepers  when  placed  in  this  way. 

2.  Would  it  »lo  to  employ  keepers  of  luird  steel  ?  Give  reasons  for  your 
answer. 

In  §  90  we  have  .seen  that  a  closed  magnetic  chain  i>roduce8  a  very 
weak  effect  in  the  external  field,  hence  we  should  i-xpect  that  a  pair 
of  unlike  magnetic  jwles  with  a  keei>er  across  them  would  exert  but 
light  external  action.  That  this  is  the  ca.se  may  be  shown  as 
iollows  :  ~^Set  a  comjmss  needle  on  a  \nvoi  so  that  it  |)oints  N  and  S. 
Then  hold  some  little  distance  from  it  a  horseshoe  magnet  without  a 
keei>er  so  that  it  deflects  the  needle  considerably.  Then  place  the 
keejier  at^Toss  its  poles  ;  the  needle  goes  liack  nearly  to  its  original 
^losition.    (See  also  §  1  Ifl.) 

99.  Consequent  Poles.  Afagnets  are  sometimes  made,  either 
accidentjilly  or  intentionally,  which  instead  of  having  simply  a  north 

|)ole  at  one  end  and  a  south  at  the 
'  -'  other  contain  other  poles.    Thus  there 

may  be  a  north  jwle    at    each  end 

**  and   a   south    somewhere    between ; 

or  there  may  be  a  north  at  one  end,  a  south  at   the  other,  and 

two  intermediate  onea,  as  in  fig.  51,  etc.    All   such   intermediate 
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pol«  are  t«niied  eomatfmni  §toim.    Thare  cao  Mvar  ba  two  polaa  id 

Uieaama  kind  withovtooaoniiaopiMiaila  kind  aosawkaf 

The  explanatkNi  ol  aanaaimanl  poita  acconliaf  to  tlM 

tbeorr  U  nada  elaar  in  6f.  ftt.    Hare  A  B  repreawiU  a  wagial  witll 

a  north  pole  at 

each  end  and  a    ^  ■  ■  ■  ^_|  ■  i  i_rjj  lj  i-j  'f'P*  "  *  ''ff 

■outh    pole    at    jr= «  » 

iome    intanne-  fia.  it. 

diate  point,  C; 

it  will  lie  Neen  that  at  O  the  south  |m>1q«  of  two  acUaeent  mU  of 
molacttlea  face  each  other ;  in  other  word^  two  molamhir  aootli  polaa 
follow  ooa  another  instead  of  a  north  foUowing  a  aosth  aa  in  the 
normal  anrnngament  Thin  ta  the  origin  of  the  work  **eoiineqQaiil  * 
applied  to  audi  polaa  (the  Utoral  meaning  ia  **  foUowing  on  '*~lAtia 
eommqmr).  We  have  in  fact,  practically  two  magiiata.  A  C  and  C  B. 
with  their  south  polea  touching.  Now,  two  polea  of  oppomit  kinda 
when  placed  together  tend  to  neutralise  eadi  other  so  far  as  the 
external  fieki  b  concerned,  but  the  reverse  is  the  oaae  with  two  of  lAr 
mtme  kind,  and  hence  it  b  that  the  point  C  exbibiu  strong  aontham 
liolarity. 

Kxinciani:— 1.  Two  bar  magaeU  an  placed  with  the  aoith  pole  ol  one 
against  the  soath  of  the  other  :  prove  thai  allhoogh  these  poles  weaken 
caoh  other'seffeot  on  the  external  field  they  tend  to  pieasrre  each  other's 
aoiaal  polarity. 

i.  Two  bar  magneU  ars  piMed  with  the  north  pole  of  one  a^iast  the 
north  polo  of  the  other :  prove  that  though  these  poles  •Irsagthsa  each 
oDiir**  eOeoi  oo  the  external  ttold  they  tend  lo  destroy  each  others 
IMilaritr. 

:*.  I  low  wtiulil  >t>u  practically  test  a  bar  magnet  fbr  oooseqasat  poiss  f 


100.  Explanation  of  MagneticIndactiOB.    Magnetic  induction  is 
mulily  ix|>)aiiiK<i  1  cuUr theory.  Thus,  in  fig. 4ft cooddar lo 

liegin  with  the  Utr  . .  neutral  state  with  ita  molecules  arranged 

higgledy-piggledy  in  ck)eed  chains,  and  suppose  the  south  polo  of  a 
iiMgnet  then  heM  near  A.  By  the  kw  of  attraction  and  repulsion 
(§81)  tbiM  south  pole  tends  to  tuni  all  the  molecular  north  polea 
towards  A  and  all  the  molecukr  south  polea  towards  H,  thus  making 
tlum  take  more  or  lesa  the  positions  in  fig.  4A  or  40,  so  that  A 
becomes  a  north  and  B  a  south  pole  in  aococdaooa  with  the  law  of 
induced  polarity  ({  8ft). 

MW0,  8 
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In  the  case  of  soft  iron  the  smallneHH  of  the  molecular  rigidity 
permits  the  molecules  to  turn  round  easily  throughout  the  entire 
length  of  a  fairly  long  bar,  ao  that  magnetination  hy  induction  in  easy. 
But  in  hard  Hteel  the  molecules  turn  hut  slightly,  and  mainly  near  A, 
where  the  magnetic  influence  it  strongest :  this  explains  the  experi- 
ment on  irregular  magnetisation  in  §  93.  We  thus  cannot  effectually 
magnetise  a  steel  bar  by  simple  induction  ;  to  do  so  we  must  either 
move  the  inducing  pole  so  as  to  bring  it  successively  into  the  immedi- 
ate neighbourhood  of  all  the  molecules  (§  101),  or  we  must  do  something 
temporarily  to  diminish  the  molecular  rigidity  (§  102),  or,  which  is  by 
far  the  best  method,  we  must  surround  the  whole  bar  by  a  strong 
electric  current  which  places  every  molecule  in  a  powerful  magnetic 
field  (§  168). 

101.  Magnetisation  of  Steel  by  Rubbing.  The  simplest  way  of 
magnetising  a  steel  bar  is  to  rub  it  in  a  suitable  manner  with  a 
magnet  or  magnets.  There  are  three  so-called  **  methods  "  of  doing 
this  ;  they  differ  only  in  detail.  The  principle  in  each  is  the  same — 
viz.,  to  bring  each  molecule  of  the  steel  in  turn  into  the  strongest  part 
of  the  magnetic  field  in  such  a  way  as  to  make  it  turn  in  the  desired 
direction.    We  shall  consider  the  methods  in  order : — 

Met/uxi  of  Single  l^ouch.    This  is  shown  in  fig.  53.    A  B  is  the  bar 
to  be  magnetised.    Supjxjse  we  wish  the  end  A  to  Injcome  a  north 
^  j)ole,  we  take  a  bar  magnet, 

N  S,  and  keeping  it  in  a 
somewhat  inclined  position, 
draw  its  north  i)ole  from  A 
to  B,  repeating  the  process  a 
great  many  times,  hut  alivaj/s 
strokifuf  A  Ji  in  tlw  stirne 
directum.  Each  time  N  ar- 
rives at  B  it  is  lifted  and 
brought  back  at  a  distance 
from  A  B,  so  that  on  the 
whole  it  describes  the  dotted  line  in  the  direction  of  the  arrow. 

The  method  may  be  modified  by  employing  a  horseshoe  instead  of 
a  bar  magnet,  and  stroking  the  bar  from  A  to  B  with  its  north  i>ole, 
and  from  B  to  A  with  its  south  pole.  It  will  be  observed  that  in  all 
cases  the  end  of  the  bar  where  the  stroking  pole  leaves  it  is  of  the  kind 
opposite  to  that  pole. 
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Th*  MpluMtk»ortlMMUokifaiMfbU<m»:~la  If.MwMitea 
■olwfU«««,ortlMbftrAB.  ThU.  to  bifiB  vlib,  foraw  pMt  of  •  hloMj. 
pifltodj  elOMd  oImIo.  Am  K  o/yrM>V>  tbb  oMltoab.  It  Imm  •  mm»- 
wh»t  towaidt  fi»  bol  M  II  Imwm  It  It  twas  •  lovsfdi  A.  Tlnw  •twj 
Ume  N  pMMS  alooff.  all  Um  iboImvIm  q(  tb*  bar  an  Ml  wHIi  iMr  aortli 
polM  loollned  towardfl  A.  Tba  looliiiatioo  prodooadat  MoliatiQlwUHMll 
OB  aoooont  of  motooalar  Hfklltjr ;  bat  H  aoeanalat««,  aad  allar  Mvaml  finfcai 
tho  bar  Is  dlMlBotlj  mafBatUad.  11  aboald.  bo«a«ar,  ba  aoHead  tbat  fl» 
mfprmak  ^  W  tmemtdt  mmp  mtlMmU  pmriif  wai  rwa  |A#  #/"#!<  ^ Ms  pfmim§ 
rtOMtUm,  to  tbat  aft«r  N  baa  poaMd  ovar  lt»  It  la  Ml 
otbarwiaa  woakl  be ;  tbo«  tba  BMlbod  la  pfOBa  to  piodaoa  ««ak 

MHkod  of  Divided  or  SepanUe  TomeL    Tbii  ia  ihown 
Suppoaing  we  raquira  the  enid  A  of  the  bar  A  B  to  ' 

Pok    it    U  . 

supported  ^C>^r'^*%  ''^^^^^^ 

on  the  polea  »*^^^>0       ^^^<^^^^/ 

of  two  filed  ^^^.jsty^^:^ii^i^^^i1^^i-'^* 

Z^J^m 'h      '^^    'fl! n 

rwUng  on  a  i^  ^ 

aouth     pole 

and  B  on  a  north.    Two  other  magiieU  are  then  held  in  an  inclined 

pottition  ^ith  their  polea  aa  ahown,  and  with  theae  the  bar  ia  atroked 

A  good  niany  titnca  from  the  middle  ootwarda,  bringiiif  them  hMfc 

well  above  the  bar,  aa  indicated  by  the  dotted  linea :  the  fioBl  eflSeel 

is  to  magnetiae  the  bar  aa  shown. 

Tbe  axplanatioo  U  MmiUr  to  tbat  of  tba  BMthod  of  slafla 
Every  time  tba  stroking  pole  N  paaaas  imr  a  aiolaoala  a  «  It  #a 
inoUnat  Ita  Bocib  pola  towards  A.  and  tba  MUse  la  tnw  of  8  as  lipiwwover 
a  molecola  a'  /.  Tba  stationary  magaeto  help  to  kasp  tbe  BMUealaa  ia 
tbe  lacUned  positions  aoqabed,  aad  tbos  to  prsveat  tbe  strokSag 
reteising  lU  ptevloas  aotloB  on  a//marA<af  the  aiolacala ;  tbe  i 
prodaoos  stroogar 

J^e/Ao<f 
o/  Double 
Toyehi  This 

is  ahown  in      ai"      " 

«» 66.    The  "  "'  ^ 

arrangement 

}»  aimibtf  to  that  of  the  method  of  divided  Kmeh,  «ieipl  aa 
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the  movement  of  the  stroking  poles.  The  latter  are  kept  a  little 
distance  ajwrt  by  means  of  a  jiellet  of  wood  or  cork,  and  are  moved 
both  together  to  and  fro  along  A  B  ;  thus  starting  at  the  middle,  we 
move  the  pair  of  them  to  B»  then  back  from  B  to  A,  then  from  A 
to  B,  and  so  on,  finishing  off  at  the  middle. 

Again  the  explanation  is  very  similar :  every  time  a  molecule  a  t  comes 
under  the  siiace  between  the  stroking  poles,  it  is  in  a  magnetic  field  tend- 
ing to  incline  its  north  pole  towards  A,  but  this  field  being  much  stronger 
than  that  at  command  in  either  of  the  previoas  methods,  the  resulting 
magnetisation  is  in  general  stronger.  It  will,  however,  be  seen  by  refer- 
ence to  the  diagram  that  the  weak  part  of  the  fieM  beyond  the  poles  tends 
to  turn  the  molecule  the  wrong  way,  not  only  as  the  pair  of  poles  a])proachcs, 
hmt  alto  at  it  leavet ;  for  this  reason  there  is  a  possibility  of  the  method 
producing  consequent  poles  (§  99),  though  as  a  matter  of  fact  this  rarely 
happens. 

EXEBCISE: — Describe  how  you  would  by  the  method  of  single  touch 
(i)  magnetise  a  knitting-needle  so  as  to  have  a  south  ix)le  at  each  end  and 
a  north  in  the  middle ;  (ii)  magnetise  a  ring  clrcumfcrentially. 

102.  Effect  of  Heat  and  of  Agitation.  Every  blacksmith  knows  that 
heat  softens  iron  and  steel.  It  diminishes  their  molecular  rigidity,  and 
we  should  therefore  expect  it  would  facilitate  magnetisation  and  de- 
magnetisation. This  is  actually  the  case.  If  wc  make  a  steel  bar 
red-hot  and  hold  it  between  the  jjoles  of  a  strong  horseshoe  magnet, 
allowing  it  to  cool  in  that  position,  it  is  found  afterwards  to  Ix;  well 
magnetised.  Unfortunately,  however,  the  gradual  cooling  softens  it, 
so  that  it  will  not  retain  its  magnetism  well,  and  the  method  is  there- 
fore not  a  good  one  for  the  manufacture  of  magnets. 

If  a  magnetised  steel  bar  be  made  red-hot  and  then  cooled  away 
from  magnetic  influence  it  becomes  demagnetised  ;  here  the  molecular 
chains  are  open  to  start  with,  the  heat  diminishes  the  molecular 
rigidity,  and  they  close  up  in  accordance  with  their  natural  tendency 
(§  W). 

The  effect  of  agitation  is  very  similar.  If  we  place  one  end  of  a 
knitting  needle  against  a  pole  of  a  bar  magnet  and  then  hammer  it  so 
as  to  temporarily  loosen  its  molecules  while  under  the  magnetising 
influence,  it  is  afterwards  found  to  be  more  effectually  magnetised 
than  if  it  had  lx;en  left  quiescent.  In  like  manner  hammering  a 
magnet  or  allowing  it  to  fall  tends  to  demagnetise  it. 
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103.  Kiptrimnt  in  lUottrmtioii  of  the  MokcttUr  TlMtrj.  TW 
virw  <if  th<<  (liir«*ronce  beiweea  mifnifiml  ami  wuM^tliHd 
HiitiiiuuiccA  iM?t  forth  in  §  91,  and  Um  torning  rooad  of  Um  Molwalaa 
U  •trikiflffiy  Uluntrntod  hf  the  foUowing  nipifiiiwm  :— Taka  a  tUa 
narrow  glaaa  tube,  a,  fig.  Ml,  ckMad  at  bolhaoda,  aad  ivmtainiiig  «i- 

magnatiand  atael  filings    Ttet  it      ^.^^ , -  ■  ^ 

by  a  delicato  magnaUc  needle  aa  •P?S??t^<V^^*^^^^^ 

in  {  RS.  to  make  tttiv  that  it  U  ^^^-^^^  JAV:/ 

deattlota  of  polarity.   IfthefiUngn 

be   k>oked   at   dowly   they   will 

be  eeen  to  be  ananged  biggledy- 

IMggiedy.     Now   keep  the   tobe 

firmly  fix«l,  and  atroke  it  from  ^' 

one  end  t4>  tho  other  eereral  timea  with  the  north  polo  of  a  bar 

magnet,  prectaely  aa  in  the  method  of  nngle  toaeh :  on  watcUag 

earefttlly,  many  of   the  filingN  will  be  Men  to  plaea 

IciiKthwiM*  (/>,  fix.  M).    Now  tetit  the  tube  by  the 

it  ^-ill  1m«  found  to  |iOMeaii  distinct  |>olarity,  the  end  at  whieh  the 

Htrokinff  N  pole  left  it  being  a  Houth  pole     Next  Mhake  the  tube 

vigorously  ao  as  to  make  the  filings  resume  their  higgledy-piggledy 

arrangement  and  again  test ;  all  trace  of  iiolurity  will  be  foond  to 

have  disappeared. 

The  fiKngii,  therefore,  behave  both  daring  magiwrttation  and  damag- 
netisatioQ  very  much  aa  we  have  eoneeived  the  molecnlea  of  a  bar  to  do. 

KlMMTnui  :oA  glasi  oylinder  with  flst  ends  oooteias  water  la  whkh  Is 
suspended  finely  divided  magnello  oxide  of  iron.  The  tahe  has  a  ooU  of 
oopper  wire  woond  roond  it,  and  is  fitted  in  a  hmttra  so  that  the  Ughi  faOls 
on  one  of  the  fist  ends.  In  front  !•  phieed  a  aorsea,  and  the  eirele  of  Ught 
on  it  is  very  doll.  An  eleetrio  cnrreat  is  now  pasnd  ronad  the  oopper  win^ 
when  the  light  beoomes  maoh  brighter.    Isplafaithia. 
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1.  Bffeotof  hraaldi«aflMigaet(f  89). 

1  MagneUo  ohains.    A  timpl§  eimtrd  wmgnHie  rkmim  kas  ssyWo  jwJsi  iff 
($90). 

3.  Oaose  of  diflerenoe  between  oni 
steel,  aooordii^  to  the  OMlaoalar  theory.    ttplanaHon  of 
hUeral  pokrity  (f  91). 
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4.  The  interior  of  a  magnet  powanae  magnetUation  but  not  free  polarity. 
Ciroamferential  magnetisation  (§  92). 

6.  Explanation  of  magnetisation  and  of  magnetic  saturation  (§  94) ;  also 
of  demagnetisation  (§  95). 

6.  The  magnetic  difference  between  iron  and  steel  due  to  the  greater 
molecular  rigidity  of  the  latter  (§  96). 

7.  Two  kinds  of  magnetic  retention,  one  due  to  molecular  rigidity  the 
other  to  the  formation  of  closed  chains  (§  97).  Keepers  promote  the 
latter  kind  of  retention  (§  98). 

8.  Consequent  poles  (§  99). 

9.  Methods  of  magnetisation  by  rubbing  (§  101)  especially  the  modified 
method  of  single  touch  in  which  both  poles  of  a  hor»e.Hhoc  magnet 
are  used. 

EXERCISES    ON    CHAPTER    II. 

1.  You  have  a  steel  bar  magnet  and  a  steel  knitting-needle,  one  end  of 
which  has  been  notched  with  a  file.  Describe  exactly  what  you  would  do 
in  order  to  magnetise  the  knitting-needle  in  such  a  way  that  when  hung  by 
a  fine  thread  fastened  to  the  middle,  the  notched  on'1  of  t).*'  nop-llo  «Iih11 
turn  southwards. 

2.  You  have  three  equal  bar  magnets  without  keepers.  How  would  you 
arrange  them  so  that,  when  not  in  use,  they  might  preserve  their  mag- 
netism ?    Give  a  sketch. 

3.  A  glass  tube  with  its  ends  marked  A  and  B,  and  nearly  full  of  steel 
filings,  is  stroked  several  times  from  A  to  B  with  the  north-seeking  end  of  a 
strong  magnet.  The  tube  is  then  brought  with  its  end  B  near  to  the  south- 
seeking  pole  of  a  compass  needle.     What  is  the  effect  upon  the  needle  ? 

The  tube  is  now  shaken  so  as  to  mix  the  filings,  and  put  near  the  needle 
as  before.  What  is  the  effect  upon  the  needle  ?  Why  is  the  effect  on 
the  needle  different  in  the  two  cases  7 

4.  A  horseshoe  magnet  is  placed  near  a  compass-needle  so  as  to  pull  the 
needle  a  little  way  round.  On  laying  a  piece  of  soft  iron  across  the  poles 
of  the  horseshoe  magnet,  the  compass-needle  moves  back  towards  its 
natural  position.     Explain  this. 

6.  It  is  suspected  that  a  magnetised  bar  of  steel  has  consequent  poles 
How  would  yon  ascertain   whether  this  is  so  or  not  7 


ifATtnui  or  MAoifvmH.  Il» 

6.  A  Ur  BM^BM  wbloh  bM  two  noBimiM  poki  •!  Ite  aitMl*  poftM  b 
brokM  Into  two  pteoit.  Wbl  wUI  b>  ib>  ■MfniUc  ooadhtoB  of  wwli  piio 
Moordlfl^  ■•  the  bmUc  U  ro»de  exactly  st  the  mtddk  poiBt  or  U  aoow 
(lUunoo  fRMD  it 

7.  A  Mfriag  Dtwdio  u  magomiMd  uj  MruKiog  ii  trom  itw  «jr«  ip  Um 
point  with  the  aoHh  polo  of  a  tlool  iM^iBti.    How  will  Um 
miignoUMdr    If  It  b Uma  brolmi 
osfdiaa  tbo  BMigBotio  itoto  of  tho 
Intho 


8.  Two  rods  of  the  hum  ttoe,  one  of  ioft  Iron  and  tba  other  of  bard  rtool. 
aro  eaoh  robbed  from  end  to  end  with  one  pole  of  a  itnNif  bar  mafwet. 
How  will  the  rods  albot  a  ootapaet  needle  to  which  they  are  winnearffoly 
lirooglit 


*  9.  DbUngnlah  between  t4*mtinal  and  Uteral  puUHty,  and  »ho« 
exi*leooe  of  both  U  explalmsl  by  tli«i  nM»leoular  theory. 

Id.  (1M09.)  A  »traigl)t  »t«el  watch  »\ir\ng  is  nacnetlied  and  U  t 
M>  that  iu  eodii  are  in  contact.     What  efltoct  would  it  have  on  a  < 
nve«llo  t4i  which  it  was  brooght  nearf    And  how  woold  thi 
modifletl  by  tlie  spring  being  cot  into  two  parU  while  the  origiani 
were  •till  held  together? 


CHAPTKII   ill 
MAGNETIC   FIELD,    FOIiCE,    AND    FLUX. 

104.  Different  kinds  of  Field.  The  Htudent  will  from  the 
I »recetling  chapter  l)e  alrcawly  familiar  with  the  term  nuupietir.  feld\ 
it  simply  means  any  region  subject  to  magnetic  influence.  The 
simplest  field  is  that  due  to  a  single  "point-i)ole"  such  as  belongs 
to  a  simple  nuignet  (§  88) ;  strictly,  however,  it  can  exist  only  in 
imagination,  for  however  thin  a  magnet  may  Ik;  it  still  falls  short 
of  the  ideal  simple  magnet,  and  l^esides,  we  cannot  obtain  a  magnet 
with  one  ]x>le  only.  Hiit  we  can  obUiin  a  very  close  approximation 
to  such  a  field  by  using  a  long  and  fairly  thin  magnet  and  confining 
our  attention  to  the  region  near  either  i>ole,  which  is  practicjilly 
uninfluenced  by  the  other.  The  next  simplest  field  is  that  due  to 
two  point-poles  either  of  the  same  or  opposite  kinds.  The  field 
round  an  ordinary  bar  magnet  is  an  approximation  to  the  latter, 
while  an  approximation  t^  the  former  may  be  obtained  by  placing 
two  long  l)ar  magnets  in  a  line,  with  like  i)oles  facing  each  other,  the 
region  between  and  near  these  jwles  l>eing  practically  due  to  them 
alone.  By  placing  two  magnets  in  irregular  positions,  or  by  using 
several  magnets,  magnetic  fields  of  varying  degrees  of  complexity 
may  be  obtained. 

The  region  outside  a  magnet  or  magnets  is  called  the  cjciemal  fields 
that  in  the  material  of  the  magnets  themselves  the  int4n-wd  Jield. 
Whenever  the  field  simply  is  s]K)ken  of,  the  exteiiud  field  is  usually 
intended. 

105.  Force  in  a  Magnetic  Field.  Consider  any  magnetic  field, 
and  imagine  an  isolate  north  i>ole'  placed  at  an  assigned  point  P 

'That  is  " point -f>ole";  in  future  the  context  will  in  general  indicate 
where  the  word  **  pole  "  i«  to  receive  this  intorjirotatifm, 
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therein  :  it  will  experianev  m  forro  in  a  eertain  diiwlkw  and  of  a 
«t*rUiti  maicnitudcsi  The  mainiitiMle  oC  tlie  Com  <l<pwtiK  mm«c 
other  thinfis  upon  the  itrengthal  the  pole ;  but  its  difBclioa,  wHh 
which  alone  we  are  at  preaent  eooeenied,  depawla  only  opoa  the 
imturt*  of  the  ield  and  the  poaition  oC  the  potot  P. 

Now  we  iniiai  be  rtrj  cmreful  what  we  mean  when  we  ipeak  of  the 
**  flirectioii  **  of  a  force.  A  force  may,  for  eyamphs  pall 
up  or  fltftiffht  down ;  in  both  caaei,  in  ao  far  aa  it  aeta  akmc  fft# 
/iiM>-H«i^  a  irertical  one^  ita  direetkm  majr  be  lakl  lo  be  the 
hut  the  ifoif  il  pnUs  is  predaely  oppoaite  in  the  two  mm.  In 
meduuiiea  the  word  "aenae  **  ia  often  employed  to  indnde  both  the 
line  alonir  which  a  force  aela  and  the  way  it  ihiIU,  but  in  mafnathmi 
it  i«  mnn*  iiMtial  to  iimkr  the  wont  th'rrch'tm  include  both  theae,  thoa 

wo  hIiouM  ri|iefik   of  :\  f '■  TH  baving  an   upward  dir—*""*  "-  ~ 

downwani  ilirwlion. 

Now  if  at  our  iM»int  I'  w.-  \*\iur  a  wnlh  \*A*\  it  will  U-  iirjc-*!  n»  • 
r(>rtHiii  din«otioii,  l»ut  if  at  the  s^iiif  )M>iiit  \\*-  were  to  pUre  a  «iiilA 
liolo  it  would  bo  argc<l  in  a  prodiiely  oppoaite  directtoo ;  when, 
howcv(Tf  any  oonaideration  in  involred,  not  merely  of  the  Une 
whirh  the  force  actA,  hut  of  the  way  it  |»ullfi,  it  \n  inx-artably 
.HtfMNi,  ill  fipoakinic  of  thr  tlttrttiou  of  the  force  at  a  |»oint,  that  we 
iiii^ii  the  direction  in  which  a  wnik  pole  placed  at  that  point,  wrmld 
lie  nnretl.  Sometimes  for  the  aake  of  emphaiUA  tbia  i*  called  the 
/iTMiiVi  IV  direction  ;  the  temi,  however,  ia  hardly  needed. 

Tlie  force  with  which  we  are  dealinic  i*  often  called  the  rv»ml§aml 
or  litifU  force  at  the  |)oint,  in  order  to  dixtingtiiab  it 
IMirtial  forcen  or  "  coniiionentK,*'  which  will  be  introdnced 

Since  in  practice  it  in  im|ioMtihle  to  obtain  an  iaolated  pole,  what 
we  do  iH  to  employ  a  tyry  ihorit  tiraigki^  amd  tkim  freely  anapended ' 
nuMHietic  needle ;  both  it4  polea  are  then  pracCtcally  at  the  aame 
point,  and  it  seta  itaelf  along  the  line  of  the  force  at  that  point  letM 
its  nnrik  pnle  pnintinff  in  the  (/xmtive)  dtrtetum  of  tMe  faret.  Soeh 
a  needle,  when  UMd  for  examining  the  direction  of  the  force  at 
different  |iointa  of  a  field,  ia  spoken  of  an  at^  --^  -Vi 
cx;iforfr. 


'  A  amgnetlo  naedle  i>  mid  to  be  /N»ly  tmtpmitd  when  tt  to  fkee  to  mm 
in  nU  HireotloiM— #^.,  when  aapported  at  Ha  eaotm  of  amTity  by  a   ' 
flncHilkareottoo;  a  oompaaMwadla  <tf.  M)  to  aoi  ftvely 
iu  mode  of  amoatiBf  reatrlola  ita  moeamMla. 
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106   Exploration  of  a  Field.    The  general  method  of  UHing  the 
explorer  will  be  underHtood  from  fig.  r>7,  where  it  is  shown  in  various 

|>art8     of     the 


K 


/>-' 


field   of 
magnet. 


\,  bar 
Only 


^  one  explorer  is 
^  used;  it  is 
moved  about 
from  place  to 
lace,  its  direc- 
tion then  alter- 
ing. The  arrow- 
tip  repreHcnts 
the  north  |>ole 

of  the  explorer,  and  in  all  jxisitions  it  is  pointing  in  the  direction  of 
the  resultant  force.  It  will  Ik*,  ob.served  that  at  the  magnetic  iM|iuit(>r 
the  line  of  the  force  is  parallel  to  the  bar,  while  nwir  either  |>ole  it 
pit-sscs  pnictically  through  one  of  the  |)oints  marked  x.  These  two 
|>oints  are  .Honietimes  erroneously  calbnl  the  "  pole.s  "  of  the  magnet 
(cf.  §119). 

107.  Lines  of  Force.  A  magneti(;  field  may  be  explored  in  an 
easier  and  more  striking  way  by  means  of  fine  iron  filings.  We  place 
a  sheet  of  glass  or  stift*  white  cardboard  over  the  magnet  (or 
magnets),  and  then  loosely  and  evenly  scatter  filings  over  it  from 
a  pepi>er-box  or  flour-dredge  provided  with  tine  holes.  Each  filing 
becomes  by  induction  a  little  magnet,  and  is  ready  to  act  as  an 
explorer  provided  it  were  free  to  turn.  Thi.s,  however,  it  cannot  do 
on  account  of  the  friction  of  the  sheet ;  we  therefore  gently  tap  the 
latter  so  as  to  jolt  the  filings  a  very  little  way  up  ;  each  one  then  sets 
itself  in  the  line  of  the  resultant  magnetic  force  at  the  particular 
point  it  occupies,  and  falls  in  the  position  thus  acquired.  The  filings 
therefore  arrange  themselves  in  definite  curves  :  these  curves  are 
called  linfi  of  force.  Now  considering  any  point,  P,  on  one  of  the 
curves  it  is  obvious  that  the  filing  at  P  lies  along  the  tangent '  to  the 
that  curve  at  P  ;  whence,  since  the  filing  also  lies  along  the  direction 

'  By  the  tangent  to  a  curve  at  a  point  is  meant  a  straight  line  which  71/xf 
grazes  it  at  that  point ;  a  more  elaborate  definitioD  is  given  in  mathematical 
books,  bat  this  is  aU  it  reallv  amoants  lo. 


Art.  iM.]  luojnmo  fiiUN  womm,  ajid  flox.  I 


of  the  muicnotic  farm  «t  P,  It  follovr*  UmU  iA«  iaiiffi  to  My  «w  ^ 
/A^  ruifrs  at  <i  h  •>  m  in  thr  i/irrrf t/#N  o/'  fAtf  ma§mttie/^fm 

at  that  ftuini  luust  iiupurtiuil  |ir«>|M}rt>'  •ixi  Um  OM  witmtm 

the  etmret  dariw  Oiair  uuam.  U  tbould  bo  nolieid,  kn^  Iktt  b  tW 
Rtrict  mumoI  the  t«m  the  *'UiMe  of  *—?"  m  ■iri  powiliinl 
Hiien  ill  the  field  poMeeeing  the  property  in  qoMrioii,  mmI  «iiil  m  iA# 
'il»»rHct  of  tki  irom  jUinfft;  the  Utter  lenre  merely  to 
vi<«ihle  to  the  eye.  The  term  wtoffmeiie  cmrre*  j 
t«.  aietingaieh  the  lines  thim  rendered  vWhle  fnNB  iIm 
inathemnricnl  linee. 

Unee  of  force  have  namerotui  oeei  in  the  higher  pnri  of  tiM 
of  iiuignetiMn,  and  aleo  in  eleetricnl  engineering ;  their  iwmedhHo 
iud  most  valuable  elementary  characteristic  is  that  bgr  Tirtne  of  the 
t<»r(»Koiiig  property  they  afTord  lui  abird*«eye  view  of  the  direelkM  of 
the  iiia|oi<»tit'  force  nt  any  and  all  pointii  uf  the  field. 

It  iihould  be  noticed  that  the  lineM  of  fi»rce  in  any  field  alwayn  ittm 
cfmr  ofoma  amoiMer,  i,e^  no  two  can  interwsct,  for  if  th«y  did  it  wimld 
iiidicato  that  the  force  at  the  |)oint  of  intenM<<>ti<Hi  was  in  tw«> 
«litf«Tent  dinvtions,  which  of  counte  in  alwunl. 

In  $  la'i  wo  have  eipUined  what  in  infant  by  the  (pmative) 
(lirection  of  the  force  at  a  point  in  a  field.  In  like  manner  by  the 
'  (MMitive)  direction  of  a  iinr  of  foirr  in  meant  the  directkio  in 
III  lAolated  north  |M>le  would  travel  along  it  if  free  to  move,  o 
in  which  the  north  pole  of  an  explorer  or  a  filing  pointa. 

In  examining  a  field  by  an  explorer  we  can  always  tell  the  positive 
lirection  because  the  north  pole  of  the  explorer  is  marked,  bat  this 
iH  not  the  case  with  the  filinK*  ;  usually,  however,  we  know  before- 
hand  which  ill  the  general  {Kwitive  direction  {r^.^  in  the  field  of  a  bar 
iiuikMiet  we  know  that  it  runs  from  the  north  to  the  sooth  |ioleX  end 
iiKToiy  want  the  filingM  to  show  the  specific  forms  which  the  linm 
Uiki'. 

It  in  u.Hiial  in  diagrams  to  employ  arrows  to  indicate  the  pOMitivr 
lirection  of  the  lines  of  force  (cf.  {  I08X 

108.  8p«dAl  Caies  of  Lines  of  Force.  The  form  of  the  lines  of 
force  vanes  according  to  the  nature  of  the  field.  The  rimplest  field 
\»  that  due  to  a  single  pole  ($  104) :  they  are  then  sUiight  lines 
]>4iS8ing  through  the  pole.  If  the  pole  be  a  north  one  their  positirp 
lirection  is /rtMM  it,  if  a  south  one  foisartit  it    They  majr  be  appraxi 
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^.>^. -/;//<//' 


I .«.  :a. 


mately  shown  by  Betting  a  long  Iwir  magnet  vertically,  placing  a  piece 

of  cardboard  over  its  npi>er  <'ml  and  sprinkling  filings  on  it :  on 

gently  tapping  the  (!ardl)oard  the  filings  will  arrange  themselves  in 

straight  lines  parsing  through  the  ix>le. 
A  very  important  field  is  that  due  to  an  ordinary  bar  nu.MHt,  and 

fig.  A8  shows  the 

lines  of  force  in 

this  case.*    They 

form  a  series  of 

oval  curves  many 

of    which    strike 

not  the  ends  but    £1 

the  sides  of  the    ''_ 

magnet ;    this  is 

on     account     of 

lateral      polarity 

(§    88).    With    a 

very  thin  magnet 

most     of     them 

strike   the  ends, 

and  in  the  ideal  simple  magnet  they  would  nil  do  so  (see  fig.  71, 

p.  1.31). 
The  central  jiortion  of  fig.  59  exhibits  the  lines  of  force  in  af  field 

due  to  two  unlike  poles  of  equal  strength  tw^tninted  hy  an  air  ajxice  . 

the  poles  are  those  of  two 
long  bar  magnets  place<l 
a.s  shown,  and  it  will  be 
observed  th*at  the  lines  in 
this  central  i)ortion  r/o 
all  strike  the  ends  of  the 
magnets,  the  air  sftace  of 
course  possessing  no  lateral 
polarity.  To  the  right  and 
left  we  have  parts  of  the 
^'  ^-  field  where  the   influence 

of  the  other  jwles  of  the  magnets  is  distinctly  felt ;  here  the  lines 

resemble  those  in  fig.  .OB. 

'  The  piece  of  iron  ahc  d  8hown  in  the  figure  is  for  another  purpose  :  see 
§110. 
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Fix.  60  depicUi  Uie  6eld  of  a  horwhoa  mifDeL  TV  trgAutk  ah&vv 
the  line  joiiitng  the  polw  U  precisely 
HiiiiiUr  to  thiit  in  fig.  ft9,  while  hrt»«^i« 
the  immfpi  th«  liiieM  cif  force  are  > 
ntraiKht :  here  iuhI  aUo  on  the  <>ui<  ■ 
nideti  of  the  pronge  we  hav«  the  effei't 
o(  their  Uusnd  polarity. 

FSf.  61  thowa  the  field  of  a  pair  of 
tikt  polat  of  equal  etrength ;  it  will  Iw 
Moen  that  the  lines  of  force  from  each 
liolc  bend  awa^  from  the  other,  and 
the  two  tela  meet  in  cuspa.  ThecnnriM 
to  the  right  ami  left  of  the  poles  belon . 
to  other  parts  of  the  field,  where  tli- 
influence  of  the  south  poles  is  diiitinct  I 
felt 

It  wUl  be  ooiiosd  in  sU  tbess  flgun- 
that  DO  fliinga  ooHect  mehimliy  0ter  the 
■Mf  nrf«.  or  si  any  rata  they  do  not  there 
arrange  themselves  in  definite  ounres.  Thlit 
i«  «>meliines  said  to  be  booauae  thexv  sru 
in  thb  part  of  the  field  no  line*  of  forov,  but  that  i»  of  coarse  abpud, 

the  whole  region  roond  the  magneto  *-      •■  -  fiekl.  and  liaaaof  Csras 

strike  them  on  the  top  jiwt  as  nin<  i  <  >«.    Bat  a»  thsss  ttass 

are  in  vertical  planes  Ums  msgnetic  a<^ii»ii  wmiki  tend  to  oMUts  the  tllags 


and  this  thsir 


rif.  •!. 


thfy  ten  iaio 
Isvoanbls  lo 
the  IndnoUve  aotioa  oC  ihs 
Held,  and  slasply  get  Jsgglsd 
oS.  If,  however,  the  aag- 
neU  be  veiy  Strang  it  ft* 
qvile  pOMlbls  to  get  a  good 
oMnyof  them  to  stand  on 
end  la  ths  way  described 


IM.  How  to  tkoteh  Uhm  of  Forot.    SindenU  are  frsqMnl^ 

required  to  make  neat  sketches  of  the  lines  of  force  in  simple 


FIff.  e2.>^logl«  Notth  Pol*. 


Fig.  68.— HonMboe  Magnet. 
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Fig.  64.— Bar  Magnet. 
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Fig.  65.— Air-qwM  between  two  VnlUet  Pole*. 
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•  .<.-;Jm    4^ — ^oKtl*. 

.^s^^^r~:;<s=:::v;;,•>i.••y^. 


.<  P^faltel  OinoMi  IU»H««iKti. 
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fiel<U.  It  U  best  to  make  them  diagram  tnatic  rather  than  pictorial, 
and  we  append  diagrams  for  the  most  imi)ortant  fields  (figs.  62 — 68). 
It  is  very  essential  in  all  cases  to  notice  (§  107)  whitli  is  the  {positive) 
dirtcUon  of  the  lines,  and  when  this  has  l>een  settled  it  is  u.siial  to 
indicate  it  by  arrows  marked  along  them.  Thus  in  fig.  64  which  is 
the  diagrammatic  form  of  fig.  r>8,  it  is  obvious  that  an  isolated  north 
pole  placed  anywhere  in  the  field  would  tend  to  travel  away  from  the 
N  pole  of  the  magnet,  and  accordingly  we  put  in  arrows,  as 
shown ;  the  arrow  is  always  made  to  |>oint  the  way  the  north  pole 
would  travel.  All  the  rest  of  the  diagrams  explain  themselves  and 
should  be  carefully  studied.  The  curves  between  the  magnets  in  figs. 
67  and  68  are  somewhat  i)eculiar,  but  comparison  with  the  standard 
cases  of  figs.  64,  6.5,  and  66  should  enable  us  to  reciill  them  when 
necessary ;  thus  in  fig.  68  the  lines  between  N  and  S  resemble  those  in 
fig.  66,  while  those  between  the  central  parts  of  the  magnets  resemble 
tho.He  in  fig.  64.  Reference  to  the  same  standard  cases  often  enables 
us  to  predict  the  lines  for  other  fields. 

EXBBCISES  (N.B.  The  sketches  will  be  found  among  the  answers  at  the 
end  of  the  book,  bat  the  student  should  try  them  well  before  looking) : — 

1.  Sketch  the  lines  of  force  for  a  bar  magnet  with  consequent  poles 
one-third  of  its  length  from  each  end. 

2.  Sketch  the  lines  of  force  for  a  pair  of  similar  bar  magnets  crossing 
each  other  at  right  angles  at  their  centre. 

♦  3.  Six  bar  magnets  of  equal  strength  are  arranged  with  their  iK)les  round 
the  circumference  of  a  circle  at  equal  distances  apart ;  a  north  and  a  .south 
pole  following  one  another  alternately,  and  all  the  magnets  (K>inting 
towards  the  centre  of  the  circle.  Draw  a  diagram  of  the  lines  of  force 
within  the  circle.  (Note. — This  diagram  is  of  importance  to  the  electrical 
engineer  in  connection  with  the  theory  of  multip<»lar  dynamos.) 

110.  Induced  Polarity  in  Terms  of  Lines  of  Force.  In  §  8.'5  we 
have  given  a  simple  law  for  the  polarity  induce<^l  in  a  piece  of  iron  or 
steel  when  subjected  to  a  magnetising  influence,  and  we  now  proceed 
to  consider  the  same  law  in  a  more  extended  and  often  preferable 
form. 

In  fig.  38  (a),  p.  96,  the  lines  of  force  on  the  right  of  the  magnet 
X  S  run  (following  their  positive  direction)  from  right  to  left,  and  the 
little  l)ar  n  g  acquires  southern  ]X)larity  on  the  right,  i.e.,  where  the 
titles  of  force  enter  it.  Now  it  is  just  the  same  whatever  field  we  are 
dealing  with,  and  wherever  we  pkce  the  iron ;  e.g.^  in  fig.  58,  p.  124,  if 


Art.  lis.]  iiAoinnc  rtsLD,  votct.  axd  nvx.  Ill 

abed repratrat  a  pUee  of  iron  pUeed  in  tJb«  podtko  tbovB, lis 
■kb  a  <l  will  aeqaira  aoaUMni  Mid  6  e  nortlMni  pokriijr.  W«  kM« 
Umii  the  foUowiag  porfeeOy  gMMval  kw-Wi.,  tiMt  wImh  a  piMol 
previoiidij  BMtrml  iroo,  tlMl,  or  oCImt  iMCBalie  ■nftanct  it  pbetd 


in  a  mHM^  fi«M  »l  iM^m  twrfJUm  peUm$^ 
fortt  enter  ii  ami  moHMtm  wkert  iMty  Umm  it, 

KXHMlia :— Two  liar  toa^gMUM  are  placed  ia  a  ilialgl*  Ham  wnn  imkw 
north  poles  fedng  one  eooilier.  aad  a  eofl  iroa  rod  le  pleoed  bet«a«  aatf 
In  e  Hne  with  them.     How  will  it  be  imipielleiid  f 

nil.  InUnii^  of  Magnetle  Fltld.  Coaild«r  aqj  polat,  P  of  a 
magaetlo  field,  aad  Imaglae  ea  iMieted  poiBt>pole  plaoed  itiHl. 
Thea  the  BMgaitade  of  the  force  on  It  will  depead  aaMi«  other  thtifi 
ttpon  lu  etrength.  Kow  there  ie  a  oertaia  etaadard  etreagth  of  pole  eelled 
the»ii<ljM«r,iaBdlf  werappoeethe  pole  ptaoed  at  P  to  hate  thie  itaadud 
itreegth,  the  fbroe  on  it  will  depend  oalj  on  the  oharMler  of  the  ield 
and  the  positJoa  of  P.  aad  this  foroe  ie  called  (A#  iaimulig  ^  Os /Md  at 
the  p0kU  P.  It  is  usual  to  estiauUe  the  intensity  ia  ^Jrae*.  a  djae  beli^ 
prectieelly  86  miUionths  of  aa  oonoe.  thas  when  we  say  the  iaieasity  of  a 
fl«lci  St  s  certain  point  is  tOt  we  meaa  that  a  nnlt  pole  pleoed  at  thet  point 
would  experieooe  •  foroe  of  SO  dynes. 

Since  aay  force  hss  both  magaitode  and  direction,  it  is  dear  that 
intensity  of  field  has  both  magaitade  and  dlr<»^<'^n  i*  u  %  "  v«w>fnr"  or 
*  directed  **  quantity. 

*112.  Tubes  of  Force.   MafiMtle  Fhiz.   tn  msppng  oui  iiom  of 

fonv  by  Iron  filings  or  drawing  them  on  paper  we  are  obliged  lo 

ourveives  to  Uie  part  of  the  field  ia  the  plaae  of  the  paper,  bat  of  ( 

the  liaes  exist  ia  the  entire  field.    Ooasider  thea  aay  field,  04,  a 

in  whioh  there  are  Biagnels.   It  b  full  of  lines  of  force,  aad  we  bh^  fix  cm 

iitteatioa  apoa  as  aiaay  or  as  few  of  them  as  we  please.    Let  ae  ia  J 

tion  pick  them  oat  in  each  a  way  as  to  enclose 

a  number  of  little  tabes ;  theee  are  called  tnkeM   j      a  Pl^ 

of  ftte  and  reeemble  pipee  whoee  breadth  is  In    r:  ^ 

general  dUfereat  at  difleraat  parts:  see  A  BCD   C      Q  j^"       v 

fig.  6S.    The  tabes  may  be  ooaoeived  as  drawa  lo 

any  scale  we  please,  but  it  Is  usual  to  adopt  a  fit.  M. 

i-ertaia  scale  based  upoa  ooosiderstioos  bekiagiag  to  the  higher  parts  of 

the  sabject,  aad  whea  drawa  to  thb  aoala  they  are  called  aatt  fvlat. 

Kow  theee  oalt  tubee  possets  the  proper^  that  thigr  are  narrow  la  Iha 
suroag  parte  of  the  field  aad  broadea  oat  ia  the  weak  parts. 


*  This  it  axaoUy  defiaed  lathe  mtthttMHoal  paita  of  the  sahJeM. 
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of  the  field  being  in  fact  inversely  proportional  to  the  oroes  aeotion  of 
the  tube;  thus,  in  fig.  69  if  the  area  of  the  section  r  Q*  l>c  four  times 
that  of  the  section  P  Q,  the  field  will  be  four  times  as  strong  at  V  Q,  as 
at  V  Q'.  Let  us  now  imagine  the  whole  field  mapped  out  in  unit  tubes, 
•o  that  the  particular  one  shown  in  fig.  69  is  surrounded  by  others,  and 
let  na  imagine  a  certAin  area,  say  a  square  centimetre,'  placed  so  as  to 
overlap  P  Q,  and  another  equal  area  placed  so  as  to  overlap  P'  Q'.  Then 
clearly  if  F  Q'  have  four  times  the  area  of  P  Q,  four  times  as  many  tubes 
will  fall  on  the  square  centimetre  at  P  Q,  as  on  the  one  at  i*'  Q'.  It  thus 
appears  that  the  strength  of  the  field  at  any  point  is  directly  proportional 
to  the  number  of  unit  tubes  that  fall  in  a  square  centimetre,  placed  at  that 
point  perpendicular  to  the  sides  of  the  tube.  Adopting  the  definition  of 
intensity  or  strength  given  in  the  preceding  article,  it  is  shown  in  the 
mathematical  parts  of  the  subject  to  be  not  merely  proportional  but  equal 
to  that  number,  e.g.,  if  there  were  17^  tubes  per  square  centimetre  at  a 
particular  part  of  the  field,  the  intensity  there  would  be  17^. 

Now  the  number  of  unit  tubes  that  fall  in  any  area  placed  perpendicular 
to  their  sides  is  called  the  magnetic  flux,  or  simply  the  flux  across 
that  area;  we  thus  have  the  theorem  that  t/ie  intctuity  of  a  magtietic  Juld 
at  any  point  is  equal  to  thejlux  ptr  square  centimetre  at  that  pinnt. 

This  theorem,  and  the  conception  of  magnetic  flux  generally,  are  of  very 
great  importance,  and  are  specially  commended  to  students  of  Electrical 
Engineering,  as  they  are  the  basis  of  the  whole  theory  of  the  action  and 
design  of  dynamos,  transformers,  etc 

The  student  should  cultivate  the  habit  of  picturing  to  himself  any 
magnetic  field  as  riddled  with  unit  tubes  whose  characteristic  feature  aa 
above  explained  is  that  they  narrow  up  in  the  strong  parts  of  the  field  and 
broaden  out  in  the  ureak  ones,  thus  affording  a  heavy  flux  in  the  former 
and  a  light  one  in  the  latter. 

Electrical  engineers  frequently  speak  of  the  number  of  "lines"  of  force 
that  fall  on  a  given  area.  Strictly,  this  phrase  can  have  no  meaning,  for 
every  point  of  a  magnetic  field  has  a  line  of  force  passing  through  it,  and 
the  number  of  lines  that  strike  any  area  must  therefore  be  infinite ; 
whenever  the  term  "  lines  "  is  used  in  this  connexion  it  must  be  understood 
aa  meaning  unit  tubes,  the  "  number  of  lines "  per  given  area  signifying 
the^iu;  across  that  area. 

If  we  now  turn  to  figs.  68 — 71  it  will  be  seen  that  the  filings  congregate 
moat  doaely  near  the  poles  of  the  magnets,  i.e.,  in  the  strongest  parts  of 
the  respective  fields  ;  this  is  what  always  happens— the  filings,  for  reasons 

'  See  foot-note,  page  74. 
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Into  whioh  we  oc«(i  sol  antar,  do  aol  nap  o«i  tht  wboto  UUUUiiida  of  nam 
of  fofM  bat  Mloet  otfUla  oo«k  mmI  isdloiuo  roogbljrtlit  nil  tabM.  m  ibol 
Ml  InspMtloo  of  thorn  flvoi  •  goMiml  kbo  of  tJio  lolotHo  IrtiUjr  of  tlM 
•ovoml  poru  of  ibo  field.  DUgnms  obo  (cf.  IfL  Ct-dS)  vImi  wtD 
dimwB  do  tbo  MUM  thing. 


Fig.  70. 


'113^  Internal  Field.  LiiMt  of  IndnctioiL  Mignfltic  Qmut. 
Leakage.  I')'^'  act  Mat  tmUimmce  of  A  mafnet  wbotbor  a  ymnmamk  oao  or 
oiberwlM  ($  M)  is  a  field  of  magnetio  forco  Joit  as  tnily  aa  tho  .lOfloa 
ootaido,  and  ooostltotoa  tho  imienuU  JUU ;  Um  poaitivo  dliooltoa  of  llw 

J... 


/••.'• /••.•••* 

w*-».^  - .-•••.-•/ 

XVs^" ^ ^^-v 


F%.T1. 

Iwi«    of   fttrct'  at   Hiiv  {mint  of  this  field    is  (cf.  %  1U7)  that  io  whicll 
iM>Iatiil  north  {iole  {iUuctl  at  Uiat  point  woold  trmvol,  pwwddod  Ha 
wvH'  not  iii)}K.<dod  by  the  sobataooe  of  tho 

Internal  liooa  of  foroe  are  fioqoenUy 

Figa  70  and  71  show  tho  anaBgoment  of  tho  Ifawa  of  IndMliHi  aftd  of 
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foice  for  an  ordinary  bar  magnet  and  a  simple  magnet  reBpectively,  the 
arrowii  indicating  their  positive  direction,'  and  the  diagrams  bring  out  two 
rery  important  pointn  which  are  true  not  only  for  the  magneto  here 
considered  but  in  every  possible  case  :  these  are  : — 

1.  That  when  any  Une  of  induction,  r.^.,  C  Q  A,  fig.  70,  emerges  from 
the  magnet  it  is  e^ntiniied  without  ang  break  into  a  line  of  force,  A  I'  C, 
in  the  external  air,  and  similarly  when  any  line  of  force  enters  the  magnet 
it  is  continued  into  a  line  of  induction.  Any  complete  lino  of  force,  i.A, 
internal  and  external  together,  thus  constitute  a  closed  curve.  One  or  any 
collection  of  such  closed  curves  is  called  a  magnetic  eireuU.  The  trespass- 
ing of  lines  of  force  into  any  place  when  they  are  not  wanted  is  spoken  of 
by  electrical  ^engineers  as  leakage:  we  may  accordingly  say  that  the 
internal  lines  "  leak  "  out  at  the  sides  of  the  bar  magnet. 

2.  That  free  polarity  is  always  exhibited  on  those  parts  of  the  surface  of 
the  magnet  where  the  internal  lines  emerge  into  the  air,  and  nowhere  else  ; 
thus  in  fig.  70  their  leakage  at  the  sides  is  accompanied  by  lateral  polarity, 
while  in  fig.  71,  which  represento  the  simple  magnet,  all  the  lines  emerge 
at  the  ends. 

•114.  Internal  Flux.   Case  of  a  previously  Neutral  Bar  placed  in  a 

Magnetic  Field.  The  lines  of  force  in  the  actual  substance  of  a  magnet 
will  aggr^ate  themselves  into  unit  tubes,  which,  when  they  emerge  into 
the  external  field,  run  direct  into  the  unit  tubes  of  force  of  the  air-field, 
completing  the  magnetic  circuit.  We  thus  have  not  only  an  external  but 
also  an  internal  flux. 

By  far  the  most  important  case  is  that  of  a  previously  neutral  bar  of 
iron  (steel  or  other  magnetic  substance)  introduced  into  a  magnetic  field. 
It  then  becomes  magnetised  by  induction  in  accordance  with  the  law  of 
§  110  and  acquires  of  course,  not  only  surface  polarity,  but  also  (§  92)  internal 
magnetisation.  Now  it  is  shown  in  the  higher  parts  of  the  subject  that  in 
gwieral,  by  virtue  of  the  internal  ina^jnetisation,  the  flux  within  the  iron 
becomes  vastly  greater  than  it  was  in  the  same  part  of  the  field  when  the 
iron  was  absent.  The  numerical  relations  between  the  two  varies,  however, 
a  good  deal  according  to  circumstances,  and  depends  among  other  things 
upon  the  length  of  the  bar  and  its  direction  relative  to  the  lines  of  force  of 
the  field ;  according  to  the  researches  of  I'rofcssor  Ewing  a  flux  of  5  (unit 
tubes  per  square  centimetre)  in  air  produces   a    flux    of    about  10,000 

*  It  is  a  point  for  discussion  whether  the  molecules  of  a  magnet  (cf. 
fig.  45)  set  themselves  exactly  along  its  lines  of  induction,  though  their 
general  trend  is  certainly  the  same :  the  matter  will  not,  however, 
concern  us. 
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Ib  long  hw«  of  good  wrM^rht  Iroo  Ml  iMfthwBjt  la  Ibo  Md,  bot  If  Um 
ban  be  abofft  or  If  Ml  ddowaji  Ibo  to  prodiood  U  doektodlj  Iho. 

nu.  lCi«Mtie  SoiiM^ittty  1^ 

miUd  its  tUMnrriBiuTY.  At  a  d^fbtUim  tbb 
■ngBtUo  or  oIlMnrlMb  bot  It  b  oalj  In  tbo 
•ateopUbiUly  b  approdabb. 


DunytTloX  t :— 7^  f0toer  wkiek  m  yrrtUmdjf 
semes  ttfrnfifuMmf  mjlua  lekem  su^fsstsd  tm  mm§mstie  it^fhmrs  is  smUsd  Us 
rBMMBABlLlTY. 

In  tbo  ptooodiag  aitiob  it  has  been  iDMiUoaadUuilUMbigliiaxaaqirirad 
bj  aagnetio  ■abelaiwwn  b  doe  to  tboir  latenial  OMfBotballoB ;  It  tbae 
appear*  Ibat  MiaoepUblUty  aod  peroMabUity  are  two  flioeely  aeeoeialod 
propertlee,  and  tbat  the  greater  the  ooo  tbo  gfealer  the  other.  Ib  the 
higher  parte  of  the  eabjoot  both  are  deflned  Ib  malheiatlnel  lerae,  and  a 
deflaiU  relatloB  eetablbbod  betweea  them. 

The  permeabiUty  of  all  megBOtio  eobetaBoee  ae  eonpafod  with  that  of 
air  b  enormooe.  aad  foHowt  the  order  of  their  ioeoepilbOlty  :  tiM  it  b 
greateet  for  annealed  wrooght  iron  aod  oaet  dynami>-etoel  (f  M)  wUle  for 
other  Bieterieb  it  b  oooeidetably  lees.  The  poRBeabiUtj  of  all  aea- 
magneUo  sobetanoee  eooh  ae  copper,  brew,  wood,  etc.  b  pnotloally  ei|eal 
to  tbat  of  air. 


*116.  PractlctlViewofPeniieabiU^;  PrindptoofLetit] 

In  tb^  earlj  days  of  the  science  of  magnetism  attention  was  devoted  enla- 
sively  to  polee  and  sorfaoe  polarity,  bat  at  the  present  time  hr  greater 
importaaoe  b  attached  to  flozes  and  penneability.  cbb^y  beoaaee  Ibey  are 
moch  better  adapted  to  the  needs  of  the  engineer. 

For  pnMtloal  porpoeee  the  beet  view  to  take  of  penneability  b  thb :— We 
regard  every  sabetaaoe  as  offering  a  certala  aoMOBt  of  oppositloB  to  the 
paseege  of  llaes  of  foroe,  thb  oppoeitioQ  belag  tenaed  Biagiielb  wrfasfeees. 
or  (to  pat  the  same  Uea  aaother  way)  ae  pQWiselng  a  oeilafai  power  el 
tnaemltting  or  ooBdaotteg  the  Hnee.  FtmBeabUltj  thaa  daply  meaae 
ooodaotlBg  power  or  the  reverse  of  relnetaaoe.  Sappose  bow  we  havo  a 
fleld  oooapieid  partly  by  air  and  partly  by  Iron  :  the  Ubos  of  loroe  will,  e»  to 
speak,  try  to  get  throogb  it  tritk  m*  liilte  tvwkU  ms  fsssihls,  or  ee  H  b 
toohnloaUy  iinaiiseoil  wiU  jmmw^  the  jmtk  </  U<ut  rtimeimmte ;  thry  will 
tberetere  tend  to  crowd  themeehee  Into  th«*  iron,  thae  maklag  the  bbM 
tabeaMRow  and  the  tax  deaea,  white  in  the  air  they  wiU 
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thenwelTet  oat,  making  the  unit  tabes  broAd  and  the  flax  light.    This 
principle  is  known  m  the  Prineipls  of  L0OU  Jiductanre. 

Consider  now  fig.  72,  which  when  contrasted  with  Hg.  GO,  p.  126,  shows  the 
effect  of  placing  a  keeper  across  the  poles  of  a  horseshoe  magnet.  In  both 
cases  the  lines  of  force  which  eroexge  from  the  north 
pole  have  to  get  round  to  the  south  pole.  In  fig.  60 
the  only  path  open  to  them  is  the  air  and  as  this 
possesses  small  permeability  they  arc  obliged  to 
spread  themselves  out  into  it  so  that  there  is  a 
bountiful  flux  and  a  fairly  strong  field  for  some 
distance  beyond  the  poles.  But  in  fig.  72  the  keeper 
affords  a  very  much  easier  path,  accordingly  the 
lines  travel  almost  entirely  through  it,  and  except 
for  leakage  none  enter  the  air  field  beyond,  so  that 
the  latter  is  very  much  weakened. 

One  consequence  of  the  principle  of  least  reluctance 
is  that,  if  there  is,  so  to  speak,  much  to  be  gained 
by  the  lines  of  force  taking  a  certain  path,  they  will 
do  so,  but  if  there  is  little  to  be  gaincfl  they  will 
not  trouble  much  about  it.  This  explains  why  it  is 
easier  to  magnetise  a  bar  lengthu)ayit  as  in  fig.  45, 
p.  106,  than  sideways  as  in  fig.  48.  For,  suppose  the 
bar,  say,  a  foot  long  and  half  an  inch  square ;  if  set 
lengthways  in  the  field  the  lines  of  force  by  going 
through  it  can  save  themselves  a  foot  of  air-path,  which  is  well  worth 
doing,  and  accordingly  they  crowd  into  it  producing  a  dense  internal 
flax  and  strong  magnetisation.  Rut  if  it  be  set  sideways,  the  lines  by 
going  through  it  can  only  save  half  an  inch  of  air  path  which  is  not  worth 
doing ;  accordingly  the  flux  through  it  is  scarcely  denser  than  it  would 
be  through  air,  and  the  magnetisation  is  feeble. 

BXKBCISBS :— 1.  A  keeper  is  placed  across  the  poles  of  a  horseshoe 
magnet  but  with  about  half  an  inch  air-space  between ;  draw  a  diagram 
showing  the  path  of  the  lines  of  force  from  pole  to  pole,  and  exi?lain  it  in 
accordance  with  the  principle  of  least  reluctance. 

2.  (1903.)  A  bar  magnet  lying  on  a  table  about  a  foot  from  a  compass 
needle  produces  a  certain  deflection  of  the  needle.  How  is  the  deflection 
altered  (if  at  all)  when  an  iron  bar  the  same  size  and  shape  as  the  magnet 
is  placed  on  the  top  of  the  magnet  ? 

8.  A  single  pole  of  a  horseshoe  magnet  can  support  only  a  small  weight,  per> 
bapa  an  ounce.  But  if  a  p&eoe  of  iron  be  placed  across  both  poles  the  magnet 
can  support  a  far  greater  weight,  perhaps  four  to  five  pounds.    Explain  this. 


Fig.  72. 
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*U7.  MlfllftiO  SCTMBt.     Hw  gTMt  iwniMihnHy  of 
wflai  ihMn  QiMl«r  otrtaia  dfovaiUBew  to  M 
Tbw  flf.  78  tbowt  in  boriaooul  Mrtkin  a  thiok  ojttadrk«l  poe 


opposite  poles  of  two  Btroog 

And  it  U  fooml  that  if  a  oompi 

be  plaoed  Ineide  the  pol  it  U  very  little 

•fleoCed,  tlie  reaeon  being  that  the  Uace 

of  fofoe  tbal  woald  otborwiee  ooeapj 

the  air-epMO  wHIifai  the  pot  areoRmded 

Into  the  aotaal  malarial  of  lU  eidea,  an 


I 


rig.  74  showB  the  aoraeBlBg  aotioo  of  a  broad  thieli  iroa  pUi«,  me  usee 
of  forre  from  the  magnet  banding  themaehree  lonnd  and  travelUag  thiongh 
it  ae  ebovn.  in  order,  ae  esphOned  in  the  preceding  aitiola,  to  •*ett«a  tlMSi- 
eeHree  the  tiooble'*  of  going  thiovgb  the  air:  the  pait  of  the  ield  bnUiid 
the  phoe  tbae  laoaivae  a  mtj  feeble  flax,  and  the  needle  ie  Hnioe^ 
Itieoleartbattheioreening  wiU  be  more  eflUeat  the  broader 
this  will  alTord  a  longer  path  In  the  iron  and  eo  ««•  the 
lines  more  trooMe.  It  ie  aleo  more  eSMtlva 
the  tkiekrr  the  plate,  beoaaia  thie  aUowa 
the  linee  to  crowd  Into  it  withoat  banlMriag 
it  with  too  beaTj  a  flax ;  the  eSeet  of  the 
latter  woold  be  to  oaoee  leakage— Indeed, 
mLm  however  thiok  the  phua  (or  pot  in  ig.  78) 
*  nmjr  be,  there  ie  prettj  enre  lo  be  eroM 
leaki«e^  eo  that  it  ie  wmry  diflonH  lo  obtain 
jm/M<  magnetio  eoreene :  in  thieriipeot  Ih^ 
preeent  a  etrfldngoonttaet  to ilmittU 
(I  fiSX  whioh  oan  be 
f^g^  T4^  made  of  thin  metal  oi 

The  etodent  ehookl  gaard 
error  of  eappoeing  that  a  magnetio  eerean  oan  act  bj  krmkiwg 
•f  the  linee  of  force ;  thie  cannot  pomibly  happen,  they  are  n«v«>r  hrakcn 
but  oolj  deflected  into  another  part  of  the  fleld. 

bar  magnate  are  plaoed  in  a  line  with  axUike 
a  sheet  of  cardboard  ie  plaoed  over  them,  iron 


r—Tuo 
fMsing  one  another, 

sprinkled  apon  it,  and  the  cardboard  tapped.    A  pieoe  of 
pipe  Is  then  pbioed  vertically  beneath  the  cardboanl  and  the 
tapped.    What  dilference  (if  any)  will  be  made  hi  the 
fllingef 


of  the 
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118.  Uniform  Field.  Directivity  of  Uniform  Field.  If  the 
intensity  at  every  point  of  ii  magnetic  field  iH  the  same,  both  in 
magnitmU  and  direction  (§  HI),  the  field  is  said  to  be  unifrtrm  ; 

in  such  a  field  the  lines  of  force  arc  all  straight 

and  parallel  as  in  fig.  75. 
Now  consider  a  uniform  field  and  let  the 

dotted  line  a  (fig.  76)  l>c  the  direction  of  its 

lines  of  force.  Let  a  straight  simple  magnet 
(§  88)  n  »  be  placed  in  the  field  in  a  direction  not  coincident  with  its 
lines  of  force.  Then  the  needle  experiences  equal  forces,  P  and  Q,  on 
its  two  poles,  each  parallel  to  a  but  in  oi)po8ite  directions,  and,  as 
fully  explained  in  mechanics,  the  effect  of  these  is  to  turn  the  needle 
round  until  it  sets  parallel  to  a,  but  in  a 

no  way  to    make    it  move  bodily.     If  p 

however  the  field  be  non-uniform,  the  ) ^ 

forces  in  the  poles  are  not  equal  and  / 

parallel,  and  they  make  the  needle  not     * ^ 

only   take  up  a  definite  direction  but    ^ 

also  move  as  a  whole.  '^  ^^' 

In  the  higher  parts  of  the  subject  it  is  shown  that  the  same  effects 
are  produced  on  any  magnet  whatever. 

These  results  are  usually  expressed  by  saying  that  a  uniform  Jield 
it  purely  directive^  while  a  nonruni/oivn  field  is  both  directive  and 
translatory :  they  will  be  of  service  in  the  next  chapter. 

ExBBCiSB  : — Show  that  in  a  Qniform  field  the  nnit  tabes  are  all  of  the 
same  sectional  area. 

119.  PreciBe  Meaning  of  Poles.  Magnetic  Axis.  If  in  the  pre- 
ceding article  we  employ  any  magnet  otlier  than  a  simple  one,  the 
forces  of  the  field  are  distributed  irregularly  all  over  its  surface.  But 
it  may  be  shown  on  mechanical  principles  that  if  the  field  be  uniform 
their  action  on  the  magnet  is  precisely  the  same  as  if  all  its  northern 
polarity  were  concentrated  at  a  certain  point  within  it,  and  all  its 
.southern  polarity  at  a  certain  other  point  within  it.  These  two 
I)oints  are  defined  as  the  true  poles  of  the  magnet,  and  are  what  must 
always  be  understood  whenever  the  word  "  poles  "  is  applied  in  the 
sense  of  definite  points  to  magnets  in  general.  And  it  should  be 
expressly  noticed  that  it  is  only  in  respect  of  the  action  between  the 
magnet  and  a  uniform  field  that  the  poles  can  be  regarded  as  repre- 
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•entinc  the  actiial  nukgnal :  a  magiMt,  In  fact,  nnli  U  bt «  iiapU 
OM,  hiu  in  A  feoerml  teiiM  no  poiDi-pol(M  whalever. 

Thb  Um  Jobing  the  pol«  of  a  nmga^i  m  above  dciaad  la  caUad 
the  wioffittiie  axis ;  in  the  oaae  of  a  properly  magmiHaed  tUa  imdla, 
or  a  oompaM  needle  of  the  ahape  ahoim  in  fig .  aS,  p.  ^  it  practkalljr 
oolneidei  with  the  line  Joininff  iu  tlpa. 

In  a  properly  mafneliaed  bar  magnet  the  polea  are  aoiMwlMre 
about  the  piwition  of  the  polnta  marked  **  »  In  fig.  A7.  p.  Itt.  bota 
little  further  from  the 


8UM1IARY  or  MOHT  HfFOETAltT  I'«»Int«   fV  rii  utkr  in. 

1.  M«aaiag  of  a  Magnetio  Pteld  (f  1(M 

1  n#  ipotUht)  diMcHm  of  the  fbro*  at  any  point  of  ;«  tlw 

direolioa  in  which  an  iaokled  north  pole  ptooad  at  that  |> 
orgad,  or  in  which  the  north  pole  of  an  esplonr  litaaled  ther< 
(♦106). 

8.  JUmi  ^/Wwrarageonetrieal  Unea  in  a  magnatlo  fleld.  v 
the  property  that  the  tangent  to  any  one  of  them  at  any  p< 
aloi«  the  line  of  the  raanltant  force  at  that  point.  TU  (pmt 
of  A  line  of  force  is  the  diieotlon  In  which  an  laolaled  ncrt! 
uard  along  it  if  tree  to  move.  The  Unea  of  force  of  a  i«l' 
dear  of  one  another.  The  rUible  forma  which  the  Unea  take  when  mapped 
oot  by  iron  fliinga  are  called  **  magnetic  onnrei  "  (|  10T)l 

8.  Special  caaaa  of  Unea  of  force,  |iartioohtfly  flga.  58. 59, 60. 61,  and  the 
oorraepcoding  diagnunmatic  fonaa,  figa.  61,  65,  68,  66.  In  aU  caaea  note 
the  poaitlve  direction  aa  ahown  by  the  arrowa. 

4.  When  a  piece  of  previooaly  nentral  iron  or  other  magnatle  aehaianee  la 
fdaced  in  a  mi^netlc  fleld,  it  ^cqnlraa  mmtAerm  pofatfity  when  th«  line*  of 
force  mter  it  and  oorthem  when  they  leave  it  (§  110). 

•5.  Meantaig  of  Intenaity  of  Field  (f  HI). 

*6.  Bvery  magnetic  field  it  to  be  plotorad  aa  riddled  Iqr  •^i  tmhr*  ^Mtt ; 
theae  are  narrow  in  the  •trooK  part«  of  the  field  and  broad  in  the  weak 
parte.  The  nnmber  of  them  that  •trike  any  arta  perpeodlenlar  to  thair 
eidea  ia  called  the  m AOXVTIC  plux  aorooi  that  area,  ami  tht ^ms  prr  fwmrt 
e^mtimtin  mt  Mf  p^int  ^  tks  JUU  i»  afiMi  fa  tk0  imimtiip  Mi  Omi  ftimt. 
When  the  Bi^lneer  apeaks  of  the  namberof  **  Unea"  of  foroa  he  maanaaalt 
tobea  (§  118). 
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*7.  Udm  of  force  in  Um  actiutl  rabstaooe  of  a  magnet  are  often  called 
/iiuv  of  indueHtm..  The  lines  of  induction  and  of  force  together  constitute 
a  set  of  cloeed  carves  forming  the  mayneti/r  rireuit.  Free  polarity  is  only 
exhibited  when  the  lines  of  induction  strike  the  surface  of  the  magnet 
(§  113). 

•8.  When  a  previously  neutral  bar  of  iron  or  other  magnetic  material  is 
placed  in  a  magnetic  Held  it  acquires  a  much  greater  flux  than  existed  in 
tlie  same  part  of  the  field  before  it  was  put  there,  and  it  does  so  by  virtue 
of  its  internal  magnetisation  (§  114). 

♦9.  Definitions  of  susciptibility  and  pkbmbabilitt  (§  115).  The 
permeability  of  all  magnetic  substances  as  compared  with  that  of  air  is 
extremely  great  and  follows  the  order  of  their  susceptibility. 

10.  Principle  o/ Uart  Reluctance  and  its  use  to  explain  various  magnetic 
phenomena  (§  116). 

*1 1 .  Magnetic  screens  depend  for  their  action  upon  their  high  permeability. 
They  do  not  break  off  the  lines  of  force  but  draw  them  into  their  own  sub- 
stance and  so  away  from  the  part  of  the  field  it  is  desired  to  screen.  They 
must  be  thick,  and  even  then  are  never  perfect  on  account  of  "  leakage  ** 
(§  117). 

12.  By  a  uniform  field  is  meant  one  at  every  point  of  which  the  intensity 
is  the  same,  both  in  magnitude  and  direction  :  in  such  a  field  the  lines  of 
force  are  all  straight  and  parallel  to  one  another.  A  vniftyrm  field  U  purely 
directive;  but  a  9um-uniform  field  is  both  directive  and  translator}/  (§  118). 

13.  When  any  magnet  is  placed  in  a  uniform  field  we  may  regard  the 
whole  magnet  as  represented  by  the  specific  jwints  at  which  its  polarities 
are  concentrated,  but  except  in  the  case  of  a  simple  magnet  we  cannot  do 
BO  under  any  other  circumstances  ;  these  points  are  the  "  poles "  of  the 
magnet  in  the  precise  sense.  The  line  joining  these  poles  is  called  the 
magnetic  axis  (§  119). 

EXERCISES  ON  CHAPTER  IIL 

1.  An  iron  ball  is  held  over  a  pole  of  a  horseshoe  magnet.  Will  the 
attraction  exerted  on  the  ball  be  altered  if  the  poles  of  the  magnet  are 
connected  by  a  soft  iron  keeper,  and  if  so,  in  what  way,  and  why  ? 

2.  Three  precisely  similar  magnets  are  placed  vertically,  with  their  lower 
ends  on  a  horizontal  table.  Iron  filings  are  scattered  over  a  plate  of  glass 
which  rests  on  their  upper  ends,  two  of  which  are  north  poles  and  the  third 
a  soath  pole.  Give  a  diagram  showing  the  forms  of  the  lines  of  force 
mapped  out  by  the  filings. 
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5.  A  loBf  aagwl  and  ft  ptoc^ of  tolHyoB  o#Ui»  — ■ 
plaoad  pamlM  to  Mob  olbor  imilttiith  a  ■btti  of  pipi 
aUags  AT*  UnwwL    How  wtU  tht  mb^  Atmiy  tliwiiltwi  f 

I.  Ifos  flttafi  Art  lOAWAwd  on  a  ploot  of  OAidboAid,  wMob  k  plABo4  otor 

tbo  AffAAsooMol  of  ibo  fllli^  whoB  Um  oads  of  Um  m^bH  woTO  jolood  fal 
tore  by  bom  of  (1)  tofl  Iran,  (S)  olool,  oad  (I)  oopporf 

6.  Bxplain  why  in  tbo  proeooi  of  mAcnollolaf  a  atool  faAr  by  oMmt  of  IW 
moUiodo  of  olaglo.  divfciod,  or  lopAmf  toAob,  wo  hold  tbo  nibbiiy  ■■§■  m 
UlAoteoltairfpoillioB. 

6w  (190S.)  A  ooBiMMi  Modk  b  ploood  om  foot  oaH  tnm  a  thort  bor 
BOgBOi  whieh  polalo  towordo  ii.  Row  will  Iho  ootdlo  ho  oflHlod  (I)  whoa 
a  Udok  bos  of  oofi  Iroa  to  ploood  ofor  tho  noodlo.  (II)  whon  Um  bos  to 


(1900L)  Two  equal  miipkt^  of  iho  mim  Hn^lh  Art  plAoed  oa  a 
umllol  to  OAoh  ochor  Aod  ptrpondioAtar  to  tho  Mm  jotaiiV 
with  iftallAr  polot  to  oppoidto  dfaoolioML  Whol 
woold  toko  ptoco  In  tho  BtgBotlo  flold  prodoood  by  tb«B  eloot  to  tho  I 
of  tho  tahto  If  thoy  woro  gndoAlly  motod  panOlol  to  thonooivot  oatU  Ihty 
wort  In  ooBlAOl  Aloi«  tho  wholo  of  thoir  ItBgtht  r  Ohro 
bow  yoor  ttttotont  mifbt  bo  totted  by  OMant  of  Iron 

*  8.  Write  a  thort  otny  on  tobet  of  f6roe  and 
the  oonnoslon  botwoon  the  flax  at  any  point  of  a  flold,  and  tho  Intonrity  at 
that  point. 

*  9.  Otflao  tho  toraw  nagoodo  ptnatAhOlty  aad  eoooepclblllty.aad  point 
out  In  a  goaocal  way  wlihoat  BMlhMBAttat  how  tho  two  art  wtottd. 

*ia  Whatdoyoo  ondonUad  by  BAgnolSo  rthwtaaoo,  and  bytho*prfa- 
dploof  loattrthictaaoo'*f  Kzptoia  la  aooordaaco,  with  thto  prindple,  why 
a  long  Iron  bar  beoomot  aort  eOtotholy  aMgatttotd  tbta  a  thott  one  whea 
■objected  to  the  auno  nagnotltlaff  laflooneo. 

11.  What  do  yoo  oaderttand  by  a  aniform  auifaotSo  floldr  By  what 
tpoolal  property  tt  rttptoU  Ita  aotion  oa  a  OMgattie  atodlt  to  taoh  a  Md 
dtotlngatohod  trooi  aay  othtr  f 

IS.  What  art  tho  "tree  polot  "of  a  magatt,  aad  aader  what  diuuaitlBB  Bill 
do  thoy  repiettnt  the  aotoal  magnet  f    Dtflno  the  OMgaotlo  asta. 


('HAITER  IV. 
terukstrial  ma  qnetism. 

120.  The  Earth  regarded  as  a  Magnet.  We  saw  at  the  coni- 
menceinent  of  the  subject  tliat  a  compjuss-needle  sets  itself  (approxi- 
mately) north  and  south,  and  we  a^'reed  to  call  the  jwle  which  points 
northwards  the  nwih  jxAe.  There  must  clearly  Ixj  some  influence  in 
the  northern  regions  of  the  wirth  tending  to  attract  that  pole,  and 
likewise  an  influence  in  the  southern  regions  tending  to  attract  the 
south  pole.  The  earth,  in  fact,  behaves  like  a  huge  magnet  whose 
south  i)ole  is  in  its  northern  regions  and  whose  north  pole  is  in  its 
southern,  and  it  is  accordingly  agreed  to  look  upon  the  earth  as  such 
a  magnet ;  we  do  not  however  in  any  way  commit  ourselves  to  the 
cause  of  its  magnetism. 

The  fact  that  the  northern  regions  of  the  earth  behave  like  the 
south  pole  of  a  magnet— that  is,  attract  the  north  i>ole  of  another 
magnet — is  the  source  of  the  confusion  of  nomenclature  referred  to  in 
§  80  :  those  writers  who  speak  of  the  pole  of  a  magnet  which  points 
to  the  north  as  the  "  south  pole  "  intend  thereby  to  call  attention  to 
the  fact  that  it  possesses  the  same  kind  of  iK)larity  as  exists  in  the 
southern  regions  of  the  earth.  But  nothing  is  really  gained  by  this 
phraseology,  and  we  shall  adhere  to  that  hitherto  employed.  The 
pole  which  points  jwrthtvards  we  term  the  north  jxde,  and  the  kind 
of  polarity  which  exists  in  the  north  pole  of  a  magnet  we  term  noithem 
fiolartty.  The  northern  regions  of  the  earth  ttierefoi'e  jxjssess  gfjuthern 
jwlarity^  and  its  southern  regions  northern  jxdarity. 

121.  The  Earth's  Magnetic  Field.  Line  of  Dip.  Intensity  of 
Earth's  Field.  Tlie  whole  w^'um  an  and  around  the  eiirth'.s  surface 
is  a  magnetic  field  and  may  l>e  explore<l  like  any  other  magnetic  field 
by  the  method  of  §  106.  It  is  of  course  permeated  by  lines  of  force, 
and  the  explorer  always  points  along  them  with  its  north  i)ole  in 
their  positive  direction.    The  line  along  which  the  explorer  sets  at 
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any  poinl  ia  called  tlie  Urn  q^  Jip,  And  U  the  difscUoa  ol  iIm  mtth% 
rwulUnt  foroe  al  ihia  potnL  The  inleiiiiiiy  of  the  eecth'*  §M  el  e 
|H>iui  in  in  ecoordenoe  with  the  seoeiml  definilkm  of  ialemitj  (f  lllX 
the  foroe  which  unit  pole  there  lituate  would  eiperi 
thb  ie  celled  the  lotai  or  reeitltent  inteneity  to  dielii^ieh  It  ft 
the  horiiootel  and  vertical  intemiitiefl  H  \tiX 

The  line  of  dip  can  bo  aecertainod  with  great  accuiaey  by  meaiM  ol 
the  Dip  Circle  (§  liA),  which  i«  merely  a  very  deUcale  exploier 
specially  adapted  to  the  purpoee,  while  the  bteoaity  can  be  neaeoied 
1^  methode  expUined  in  the  matiieinatical  parte  of  the  sttUect ;  it  b 
then  found  that  both  remain  practically  the  Mine  for  a  eootiderable 
diitanfie»  aay  acToral  milea,  round  any  given  point ;  in  other  wonle 
({  1 18X  tn  My  gimm  locality  ikt  mrik*tjUld  is  tmiform ;  we  may  thne 
picture  to  oniielTee  each  locality  at  mapped  out  by  liaee  of  foroe 
parallel  to  the  line  of  di|i. 

The  direction  of  the  lino  of  dip  varies  gradually  from  one  looalitf 
to  another ;  speaking  broadly  it  may  be  said  that  iu  positive  dtreelioii 
—in  other  words,  the  poeitive  direction  of  the  earth's  lines  of  fc 
slopee  more  or  lees  downwards  in  the  northern  hemisphere 
upwards  in  the  southern,  though  in  §  1S6  a  more  exact 
will  be  found  on  this  point 

Itt.  XagBAtio  XnridiAB.  Declination  and  InrHiatiwi.  Hori- 
lOBtal  and  YtrtieAl  latentitiei.  Direction  of  Compagt  Vaadki 
If  at  a  given  place  we  set  up  a  thm  tn«  1>  mi-|h  n<lod  OMgnetic 
needle  it  will,  as  we  have  seen,  set  ititoii  aloi^;  the  line  of  the  earth's 
resultant  force  at  that  place,  that  is  the  line  of  dip^  Imt^jm^  now 
a  vertical  pUne  drawn  through  this  line ;  this  plane     ^  ^ 

is  called  the  imof^tieUe  tueriditm  </  tAe  place.  It 
in  general  doea  not  coincide  with  the  geographical 
meridian,  and  therof ore  does  not  pass  through  the 
geographical  north  or  south  pole.  The  angle  be- 
tween the  magnetic  and  geographical  meridians  at 
any  pbu«  ia  called  the  tmigmetie  dtHimaiicm  or 
simply  the  dedimaUoH  at  that  place. 

Now  in  6g.  77  let  A  denote  some  pkoe,  and 
A   I  the  (positive  direction  of  the)  line  of  dip     '     i^  :: 
sloping  downwards  towards  the  north,  so  that  the 
north  is  on  the  right  in  the  figursu    The  phme  of  the  paper  cleariy 
coincides  with  the  magnetic  meridian.    Through  A  «bmw  A  H 
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boriicmtaUy  towards  the  north  and  A  V  vertically  downwards  ;  then 
the  angle  H  A  I  is  called  the  dip  or  inclination  at  the  place  A. 

Take  any  length,  A  I,  to  represent  the  resultant  intensity  of  the 
earth's  field  at  A,  and  complete  the  parallelogram  V  A  U  I.  Then 
by  the  parallelogram  of  forces  the  force  A  I  is  equivalent  to  two 
others  represented  in  magnitude  and  direction  by  A  H  and  AY 
respectively.  Of  these  the  former  acts  vertically  downwards  and 
the  latter  horizontally  northwards  ;  they  are  called  the  vtn'tical  and 
horitontal  components  respectively  of  the  earth's  force,  or  simply 
the  earth's  vertical  and  horizontal  intensities.  Now,  it  is  clear  from 
the  figure  that  though  A  H  is  nortli wards  it  is  not  directly  towards 
the  geographical  north,  for  A  H  is  in  the  magnetic  meridian,  wliich 
(see  above)  does  not  pass  through  the  geographical  north  \yo\c.  The 
direction  of  A  H  is  called  magnetic  north.  Moreover,  it  is  evident 
by  geometry  that  the  angle  between  A  H  and  the  geographical  north 
line  is  the  same  as  that  between '  the  two  meridians— that  is,  it  is  the 
declination ;  in  fact,  the  two  north  lines  are  simply  the  traces  of 
their  respective  meridians  on  the  horizontal  plane  through  A. 

Now  what  is  the  practical  significance  of  the  magnetic  north  line  ? 
If  we  take  a  magnetic  needle  mounted  in  such  a  way  that  it  is  free 
to  obey  the  horizontal  component  of  the  earth's  force  otUi/^  it  will 
clearly  set  along  A  H  with  its  north  pole  to  the  right.  This  is 
precisely  what  a  compass  needle  is  designed  to  eflfect.  In  making 
a  compass  needle,  the  agate  or  brass  cup  on  which  it  turns  is  placed 
not  exactly  at  its  centre  of  gravity,  but  (for  places  in  the  northern 
hemisphere)  a  little  nearer  its  north  pole,  so  that  the  weight  of  the 
needle  may  just  counteract  the  vertical  component  of  the  earth's 
force,  leaving  it  subject  to  the  horizontal  component  and  that  alone. 
The  magnetic  north  line  at  any  place  is  therefore  the  direction  in 
which  a  compass  needle  at  that  place  sets  itself ;  in  other  words, 
a  compass  needle  sets  itself  hm-izontally  in  the  magnetic  meridian. 
It  therefore  does  not  point  trtte  (t.f.,  geographical)  north,  but  magnetic 
north.  Moreover,  it  is  clear  that  the  angle  between  the  needle  and 
the  true  north  line  is  coincident  with  the  declination  ;  in  fact,  the 
declination  is  sometimes  defined  in  this  way. 

The  two  meridians  at  any  place  cut  the  earth's  surface  in  two  great 
circles  called  meridian  lines  * ;   evidently  the  two  north  lines  are 

*  These  lines  are  themselves  freqaently  called  "  meridians/'  bat  it  is 
best  to  MDploy  the  latter  term  to  denote  the  plane*. 
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UagmU  Co  the  rttptMw  meridkn  Knai,  uA  Um  ai^  lipi«ir«>n  iKe 
kttar  M  coinciilriit  with  the  tlccliimtioii. 

It  sboold  be  noticod  that  Hthetly  upeAkiiif  it  Ui  tlie  i^^y^i^  u^.« 
(}  119)  of  the  needle  that  mvU  itJielf  either  in  the  line  of  dip  or 
horiiunUlly  in  the  macnetto  uteridka  aeeordiiif  m  it  ie 
and  for  very  accurate  obearyatkma  apeeial  alalia  hate  to  ba 
for  detemiiiung  that  asda. 

W.  IMitctiTitj  of  Sarth'i  Horiiontal  Foroa.  Bahavioir  af 
Vaadla  udar  Joint  Inflnanea  of  larth  and  Mafaat  Hinco  (f  itl) 
the  reeoltant  force  of  the  earth  doea  not  appredahiy  altar  aithar  fai 
macnitade  or  direction  over  a  oonaidefable  dietanfe  fion  a  givan 
|K»int,  the  Hune  mtint  be  tme  of  iu  huriaontal  eompooent ;  it  Ihoa 
appears  that,  not  only  iU  rcAultant  field,  but  alao  ita  konaomkd  /kid 
\»  Anifomi  in  any  iriven  locality*  and  therefore  ({  1 18)  the  boriaoiilal 
fleltl  ■  *  H-ctive, 

Ti.  >nUl  force  may  be  ahovn  by  tha 

following  bimplu  ttXperuueuL  Take  a  broad  baiin  or  diah  of  water, 
float  a  flat  cork  or  piece  of  wood  at  about  the  middle  of  it,  and  lay 
thereon  a  magnetic  needle.  The  cork  will  twm  rwmd  ao  that  the 
needle  aeta  itaelf  in  the  magnetic  meridian,  but  it  will  not  aiow  oa. 
This  it  doea  in  obedience  to  the  earth's  horisontal  force.  If  now  a 
bar  magnet  be  held  with  one  of 
ita  polea  at  the  edge  of  the  basin  i 
the  cork  will  travel  aeroaa  the  | 
water  op  to  it,  the  force  of  the  j 
magnet  being  noi  simply  directive.      I 

When  a  compass  needle  is  j 
balanced  on  a  pivot  and  a  magnet 
b  held  near  it,  the  pivot  of  coarse 
preveuU  trauttlatoo'  movement,  i 
and  only  the  directive  action  of  1 
the  magnet  is  operative.  For  \ 
aimplicity  consider  the  arrange-  1 
mentinfig.78:  A Bistha magnetic  nt.Ta. 

north-aouth  line,  A  being  north- 

waida,  and  fi«  a  compaM  needle  baknced  on  a  pivol»  O;  tWa 
under  the  earth's  inflnenee  akme  it  aeta  in  the  diraelioa  ai^ 
coincident  with  A  R    Now  let  a  bar  magnet  8  N  be  plaead  aa 


!-■ 


lU  MAOKWnMM,  [Art.  124. 


its  magnetic  axis  being  perpendicular  to  A  B  {ue.t  running 
mAgnetic  east  and  west)  and  passing  through  O.  The  effect  of 
this  magnet  alone  would  be  to  pull  the  needle  round,  making  7t 
point  towards  S.  What  really  liap|>en8  is  that  the  needle  assumes  an 
intermediate  position,  n'  b\  in  which  the  influences  of  the  earth  and 
magnet  just  balance  one  another.  Clearly,  the  nearer  the  magnet 
is  to  the  needle  the  greater  will  be  its  influence  compared  with 
that  of  the  earth  and  the  greater  will  be  the  angle  n  On':  indeed, 
when  the  magnet  comes  very  near,  the  influence  of  the  earth  is 
relatively  negligible,  and  the  needle  points  practically  due  magnetic 
east. 

The  student  should  here  be  cautioned  against  a  very  common  error 
arising  from  ignorance  of  mechanical  principles,  viz.^  that  of 
supposing  that  the  magnet  must  exert  a  certain  force  before  the 
needle  can  begin  to  move  away  from  the  line  A  B;  apart  from 
friction  on  the  pivot,  which  may  be  neglected,  this  is  certainly  not 
the  case— the  very  least  force  will  deflect  the  nee<lle,  though  the 
deflection  may  not  be  noticeable  without  some  delicate  means  of 
detection. 

EXBRCISBS: — 1.  How  will  the  needle  behave  if  the  magnet  be  set 
along  the  line  A  B  (fig.  78),  (1)  with  ito  N  pole  pointing  to  the 
8  pole  of  the  needle,  (2)  with  its  N  pole  pointing  to  the  N  pole  of  the 
needle? 

2.  (1902.)  A  short  bar  magnet  is  laid  on  a  table  with  its  north  i>ole 
--  g  pointing  due  north  (magnetic).  A  small  pivoted  compass  needle 
is  placed  on  the  table  at  some  distance  due  east  (magnetic)  of 
the  centre  of  the  magnet,  and  is  then  moved  up  slowly  to  it 
in  a  straight  line.  Describe  its  behaviour  as  it  approaches  the 
magnet. 

3.  (1900.)  Describe  and  explain  the  movement  of  a  small 
compass  needle  placed  in  the  middle  of  a  horizontal  circle  round 
which  the  north  pole  of  a  long  vertical  magnet  is  carried,  which 
produces  at  the  centre  of  the  circle  a  magnetic  field  less  strong 
than  that  of  the  earth. 

124.   Details    respecting    Declination    and    Inclination. 
.  Mariners'  Compass  and  Magnetic  Charts.    lu  fig.  79  let  a 

fte.  797  denote  any  place  in  either  hemisphere,  A  G  the  geographical  and 

A  M  the  magnetic  north  line,  so  that  the  angle  M  A  0  is  the 

declination  at  the  place.    The  declination  is  termed  west  or  east  according 
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M  A  M  Um  on  Um  mm  or  «al  iidt  of  A  O  ;  Um  tgw* 


TIm  valoe  of  Um  dtlliMUloa  U  difltfMt  •» 
the  MUM  ptaott  obMgw  tlowly  with  Um  UipM  ol  flat.  At  Ua4oa  la  Um 
pcMMil  jroar  (1908)  It  to  16*  W^  «mI  hi  dMrauiof  at  tte  »••  of  aboat 
r  pv  jMr ;  the  Miliatt  reooni  U  for  the  ymr  18M,  vh«i  It  vm  11*  ir 
MM«,  It  thM  grew  iMi  mitU  In  1667  It  wm  mil,  Utor  thb  it  booMM  w^l 
■ad  laenaatd  until  It  ettaioed  a  nuutimam  of  SI*  KT  la  1116 1  it  to  aow 
goliv  back,  ami  will  preMunabljr  agaia  boooBM  wU  la  1*76,  aflar  wMdi  H 
win  beoooM  aaet,  aad  ao  oo.  thoa  folag  Ibroagh  lu  eosptolo  cyole  of 
la  about  616  jaani,  with  aa  0mrt§€  lalo  of  aboat  V  par  ymr. 
kaowladfa  of  tba  daoHnaHoa  at  difllbreat  parta  of  Iha  aarth^ 
•arfboe  to  of  gr«U  laqpoftaaoa  ia  aavipuloe.  Tha  dlraetloa  la  wMah  a 
ahip  to  goiaf  to  datan^iaad  bj  maaap  of  tha  JTaHaer'*  OayoM.  thto  to 
a  onmpaw  naadla  6sad  to  a  ihaat  of  cardboard, 
OB*magBatio  aaUarial,  aad  haviag  aiarkad  oa  It  tl 
N,  8,  K,  W.  aad  aameroaa  iatonaodiata  poinU.  the  N  polal 
ooiacldiag  with  Um  north  pole  of  the  needle.  The  totter,  thetafoiv, 
alwaya  po^iU  wmgnetie  north.  To  aaoertain  the  true  dixaetioa  a 
oorreotioa  motft  be  applied  f^  daottaatioa,  tha  aaM»«at  of  whieh 
upon  the  locality,  and  for  thto  porpoaa  It  to  neaal  to  enplojr 
rkmrts  drawn  ap  on  the  prindpto  of  flg.  82  to  be  eabeeqatatly 
M>  a«  to  give  the  declination  as  loon  aa  the  latltada  and  lot^iltade 
are  known. 

Tba  value  of  the  dip  to  different  at  different  plaoea.  It  to  aaaal  to  aaaM 
it  •*  Borth  "  or  **  sooth  **  acoording  aa  the  north  or  aoath  poto  of  tha  hmitf 
•aapendad  needto  points  downwarda»  lo  that  (cf.  f  ISl)  broadlj  It  to  X  ia 
tha  nortbara  and  8  in  the  soBthern  haaUaphare.'  Broadly,  too,  it  InciM^us 
as  we  travel  iMrth  or  sooth  from  the  eqnator.  It  alao  ebaagas  slowly  with 
Ume.  At  LoodoB  thto  year  (1903)  ito  Taloe  to  6rir,  aad  to  dsirsaali^  at 
the  rate  of  about  l^'  par  year ;  Ito  maziaom  valae  was  71*  6f  ia  Iha  yaar 
1720,  bat  we  have  no  record  of  its  minimom  valoe,  so  that  Ita  eyoMe 

^iriiinil  aad  avaiage  rata  of  obaaga  are  oakaowa. 

^  It  to   aaoal  to  daaola   tha   total   ialaasHy  by  I  aai 
intenaity  by  H.    Both  thaaa  dapeod  upon  tha  plaoa  bat 
tow;  broadly,  however,  wa  nay  say  that  I  Inoiaaaea  aad  H 
we  travel  aorth  or  aooth  froai  tha  equator.    Both  I  aad  H  are  also  i 
to  slight  chaafea  with  ttoaa.    The  aaaesad  labto  givas  tha 
valoea  of 
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iatanilty  at  the  places  mentioned  for  the  year  1003,  the  flgures  under  the 
two  latter  heads  repieaenting  dynes  per  unit  pole  (§  111) :-. 


LooJity. 

DwdilMttOB. 

iBdlaaltoD 
or  dip. 

ToUlIn- 
tetuity. 

HorixonUl. 
lotcn»lty 

Boothia  Felix  . 

Indeterminate. 

9(fN. 

•66 

Nil 

Lerwick  . 

liJ'^W. 

TZ'ZO'N. 

•476 

•147 

Petersburg 
Edinbureb 
Newcantle-on-Tync 

Nil. 

7(fN. 

•48 

•164 

iy°17'W. 

7(f2(yN. 

•486 

•162 

18°W. 

69'>30'N. 

•481 

•167 

Manchester 

17'»46'W. 

ea^N. 

•480 

•172 

London    . 

16^W. 

67*»12'N. 

•470 

•181 

Paris 

15*^'W. 

65°30'N. 

•47 

•191 

New  Yoric 

7°60'W. 

72*N. 

•61 

•198 

Mexico    . 

8*E. 

45°N. 

•48 

•387 

Cape  Town 

3(fW. 

66°8. 

.36 

•216 

Sydney    ,        .        .        .  .        9°E. 

62^ 

•67 

'318 

126.  The  Dipping  Needle  and  Dip  Circle.  In  determining  the 
line  of  dip  i)raftic}illy  it  is  .somewhat  inconvenient  to  employ  9.  freely 
suspended  magnetic  needle.  The  best  instrument  for  the  purpose  is 
the  dip  circle  (fig.  80).  It  consists  of  a  vertical  graduated  circle  with 
a  horizontal  axis  at  its  centre,  and  perpendicular  to  its  plane.  On 
this  axis  turns  the  magnetic  needle  used  for  detennining  the  dip, 
and  termed  the  dipping  needle;  the  axis  should  pa.ss  accurately 
through  its  centre  of  gravity,  and  the  mounting  be  such  as  to 
diminish  friction  on  the  bearings  as  much  as  possible.  The  vertical 
circle  and  needle  are  mounted  as  shown  on  a  frame,  so  that  they  can 
be  turned  bodily  about  a  vertical  axis  on  a  horizontal  graduated 
circle  which  is  fixed.  The  instrument  is  further  provided  with 
levelling  screws  and  a  spirit  level,  and  care  must  be  taken  in  using  4t' 
that  the  horizontal  circle  is  levelled  properly.'  Suppose  now  the 
instrument  used  at  a  place  in  the  northern  hemi.sphere.  Let  the 
plane  of  the  paper  represent  the  magnetic  meridian,  the  north  being 
on  the  left  hand  ;  then  the  figure  shows  the  position  assumed  by  the 
needle  vohen   the  plane   of  the  vertical  circle   is  in  the  magnetic 

■  There  are  many  other  details  to  be  attended  to  in  order  to  ensure  great 
accuracy  in  the  result,  especiallyHas  respects  .determining  the  magnetic 
axis  of  the  needle  ;  these  we  intentionally  omit. 
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mmdMNS  mm!  Um  pobt 
pfeeMy  Uie  mum  way  m 
node  of  moQntiiiff  only 
predttdM  iU  tilting  iirrpem- 
die%dar  to  tlie  plane  of  the 
vertical  circle,  and  aa  the 
earth*!  retoltant  force  ia 
entirely  m  that  phuia,  the 
moontinf  in  no  way  impedea 
the  needle'a  fully  obaying  it 
Thtm  it  aeU  akoff  the  line 
of  dip,  and  the  dip  itaelf 
ia  read  off  on  the  vertical 


to 


be  aolieed   ia 
if  il  were  /fvWy 


Bat  what  ia  the  nae  of 
the  horitontal  circle  f  Well, 
if  we  knew  beforehand  the 
eiact  direction  of  the  roair- 
netic  meridian,  we  conld 
diapenae  with  it  But  of 
that  direction  we  are  in 
genenU  ignorant,  and  the 
horiaontal  circle  enablea  tia 
to  find  it  To  onderatand 
how,   let   oa   imagine    tha 

vertical  cirele  aet  in  a  plane  pn'ptmUewiar  to  t  leridiaA. 

The  horiaontal  component  of  the  earth'n  f<-:  ti>.  n  in  the 

pkne  of  the  meridian  aimply  tenda  to  tilt  x\\  i  •crpendtcnlar 

to  the  phuie  of  the  circle,  and  thia  it  cmnnot  do  ti  of  the 

way   it  ia  mounted ;   thia   part  of  the  force  i  r*  <|iiiia 

inopenUiTe.    Bot  the  veriieai  compoiie&t  tenda  t  ^dla 

into  a  vertieal   poaition,  and   to  Ihia  the  mc>  no 

impediment  Ateordimglp  1A0  mmlU  then  ttts  t 
win  not  aet  Teitically  Uf  the  vertical  circle  be  in  .. 
what  we  do  then  is  to  begin  by  turning  the  upper  frmmework 
of  the  instrument  until  the  needle  sets  at  the  reading  90*.  we 
then  know  that  the  pUne  of  the  vertical  circle  ia  perpeodicukr 
to  the  magnetie  meridian,  and  all  we  have  than  to  do  ia  to  turn 
it  through  IMT  of  tha  horiaoolal  drda  whao  wa  kaow  il  ia  mi 


148  MA(;neti8M.  [Art.  126. 

tliat  meridian,  and  wo  can  proceed  to  read  the  dip  aa  herein)>efore 
explained 

KXKRCIHES  :— 1.  (1902.)  An  unmagnetisod  nccxUc  \»  KU8pende<l  by  a  fine 
thrrad  ihroagh  a  Ainall  bole  at  its  centre  and  is  balanced  so  as  to  bang 
freely  in  a  borizontal  position.  Wbat  change  in  the  position  taken  by  the 
needle  will  occur  if  it  is  magnetised  and  then  suspended  as  before  ? 

2.  (1901.)  Explain  why  the  inolination  of  a  dip  needle  at  any  place  is 
less  when  the  needle  swings  in  the  magnetic  meridian  than  when  it  swings 
at  right  angles  to  the  same. 

126.  Isoclinic  Lines.    Earth's  Magnetic  Equator  and  Magnetic 

Hemispheres.  If  the  student  will  examine  fig.  81  he  will  iKjrccive  that 
it  is  a  map  of  the  world  with  the  usual  parallels  of  latitude  and  longitude, 
and  also  a  number  of  somewhat  irregular  curved  lines.  These  are  called 
isttclinic  lines,  and  their  meaning  is  that  at  all  placet  an  any  onioned  one 
pf  them  th/r  magnetic  inclination  1$  the  same.  The  value  of  the  inclination 
in  degrees  is  (approximately)  repre»ented  by  numbers  attached  to  the 
^«everal  lines:  thus  a  line  marked  70  runs  through  Central  Asia,  North 
Russia,  the  Midland  Counties  of  England,  the  Atlantic,  and  the  Central 
States  of  America  ;  the  inclination  at  all  place  son  this  line  i.s  (about)  70°. 
All  along  the  isoclinic  line  marked  0  the  inclination  is  nil,  the  dipping- 
needle  setting  horizontally ;  this  particular  line  is  called  the  aclinic  line 
or  magnetic  equator.  The  magnetic  equator  does  not  coincide  with  the 
geographical  equator,  being  considerably  north  of  it  over  Africa  and  Asia, 
and  south  of  it  over  America.  It  is  strictly  the  magnetic  and  not  the 
geographical  equator  that  divides  places  where  the  dip  is  north  (§  124) 
from  those  where  it  is  south.  The  regions  north  and  south  of  the  magnetic 
equator  are  conveniently  termed  the  N.  and  8.  magnetic  hemispheres; 
the  true  canon  (cf.  §  121)  is  therefore  that  the  dip  is  N.  at  places  in  the  N. 
magnetic  hemisphere  and  8.  at  places  in  the  S.  magnetic  hemisphere. 

There  is  a  certain  spot  in  the  far  north  of  America  (lat.  70°  5'  N.,  long. 
96*  46')  known  as  Boothia  Felix;  and  in  the  year  1831  Hir  J.  C.  Itoss 
discovered  that  here  the  dipping-needle  sets  vertically — that  is,  the 
inclination  is  90*.  This  place  is  called  the  North  Magnetic  Pole  of  the 
Earth ;  it  is  .about  1200  miles  from  the  Geographical  North  Pole.' 
Analogy  suggests   that    there  mast    be  a  similar   South  Magnetic  Pole 


'  The  North  Magnetic  Pole  of  the  Earth  is  primarily  defined  as  the 
place  where  the  dipping-needle  sets  vertically  with  its  north  pole  down- 
wards.   In  1831  it  was  at  Boothia  Felix;  it  may  have  shifted  slightly 
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In   Um   •Mthflra   li«imtoplM«,   bat  blthrnn  u  imm  boc  bt«« 


127.  Isogonle  UlMt.  The  o«nrw  ibowB  in  If.  «f  aro  oUfod  i^<«^ 
ttmm,  ftod  thrir  nMaiaf  b  UuU  Ml  all  plaoo*  oo  aajr  ■■lgt«l  om  o| 
th«  n>a«or(io  J^MmtUim  to  the  «Ma«.  It  wiU  ba  obMfvad  ibal  a 
niuabar  of  tbMn  paM  tbioagh  Iba  aocili  oM^Mlla  pola.  and  thai  llwj  aia 
very  Inagalar.  At  plaeat  on  tba  tooffoaka  Mvltad  0  tba 
nU ;  tbmo  partieakr  Uaas  ara  oaUad  mpmU  Ikm,  Than  aia  Ibiaa  af 
airoalot :  tba  flnt  paMM  flrom  Boolbbi  Falls  lbiai«li  OuMda,  Iba  biiani 
Htalai.aml  Hnuil;  tba  aaaaad  tbiw^b  Ftetaiid,  fM.  fVlanbarg.*  Cbatoal 
RiMria,  Ftnia.  tba  Indian  OoMn,  and  Wartan  Aartnilln ;  wbOa  iIm  tblrd 
b  an  oval  oovariaf  JfUk  and  n  pait  of  Wbaria  mdjibf^JU  fkmom 
batvoan  tba  ant  and  aaooad  tbe  d«cUaatfcw  to  frTMNMBRba  aaoaaA 
aotl  tbinl  it  b  R .  within  tba  tbini  it  to  W^  and  iailfaraid  fmn  Iba  tblfd 
rtiunil  to  the  flnit  it  to  again  B.  Tbara  to  a  rtrj  flaall  i^onk;  arm  In  Iba 
SMitti  Paoiflo  witbin  tbe  oval  markad  5  in  tba  i|^.  Tba  aavbeia 
aOiU'bed  to  tbe  Mveral  Una*  abow  tbe  (apprMiauita)  darliaatloaa  alaaf 
tbem.'  Of  ooane,  at  the  aMgnallo  pole  (Boolbia,  KellxX  H  i«  eO,  «id 
tbeio  to  iberefore  no  force  landing  to  move  a  ooinpaM  nardle,  and  enab  a 
needle  will  point  anj  way  wa  plaaia  to  wti  it,  that  i«,  tba  dtffllaalinn  to 
iUttfrmUuAf  (ef.  table  f  It4>. 

Rzimcian:— Where  is  tbe  eerth'ii  M^rtit^t  intemitv  mil  * 


128.  SinmeiiUry  RapretenUtion  of  tha  £nrtii's 
If  wa  take  a  Ioiik«  thin  Ur  niagnet  (fig.  71,  p.  131X  and  hold  an 
explorar  directly  in  frtnit  of  8,  it  will  mjC  itaolf  along  iha  magnotie 
axia  B  S  N  A,  with  iu  N  polo  towaitb  8.  If  now  ara  enrry  it  aloiig 
the  line  8  U  T  V  N  it  will  at  all  pkcaa  point  aa  abown  by  tba  amma; 
betwaen  S  and  T  the  north  |H)le  will  incline  downward^  at  T  iha 
nvedlo  will  Iw  horixontid,  and  batwwfi  T  and  N  tba  north  polo  will 
incline  upward^  until  at  N  the  north  pole  will  a^ain  point  along  lb* 
magnattc  axi&  This  is  vary  simihur  to  tha  babanonr  oC  a  dipping* 
neadla  whan  carried  from  Boothia  Felix  acroas  tba  nagnatic  equator 
and  aoatbwnrdi.    A  batter  mode  of  rDpresanting  tba  anrtb'a 


'  In  tba  llgace  thto  line  to  drawn  loo  far  aael ;  It  loaks  aa  If  U  paMft 
at  Ibroagb  Aroba^pel  Instead  of  WL  hManbaig . 
*  Both  Iba  toeoeUnles  and  toefonlos  ehanfa  slowly  wHb  ll«a:  tb<w  la 
tbe  dlagraais  given  are  for  sevaml  years  i^o. 
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actiofTis  shown  in  fig.  83.    We  have  a  large  wooden  globe,  and  along 
one  of  its  diameters  is  fixed,  as  nhown,  a  strong  l>ar  magnet  con- 

sidrrahlt/  nhortn'  than  tJuti 
dinmrtrr.  IVoduce  now  the 
magnetic  axis  to  cut  the  globe 
in  the  points  H  and  X,  and 
dmw  K  E'  |)er|)endicular  to 
li  X  through  the  common 
centre,  C,  of  the  globe  and 
magnet.  Then  this  arrange- 
ment rowjhly  represents  the 
magnetism  of  the  earth,  B 
corresi>onding  to  lioothia  Felix 
and  X  to  the  unknown  south 
magnetic  jKile,  while  E  E' 
roughly  re[)re8ents  the  earth's 
magnetic  e( j  uator.  P,  (^,  Q',  F, 
rei)re.sent  places  in  the  N  and 
S  magnetic  hemispheres.  In 
all  |>08itions  h  K  represents 
the  horizontal  north-soutli  line,  571  a  dipping-needle,  and  the  in- 
clination of  « »  to  h  K  rejjresents  the  dip.  If  we  actually  fix  up 
such  a  globe,  and  carry  an  explorer  round  from  K  to  X,  it  will 
set  itself  in  the  several  positions  .shown  by  an} 

It  should  be  carefully  noted  that,  in  order  that  the  dip  at  the 
several  points  of  the  model  should  be  approximately  equal  to 
the  actual  dip  at  corresponding  places  on  the  earth,  the  length  of  the 
magnet  S  N  must  be  suitably  adjusted  to  the  diameter  of  the  globe ; 
if  not,  though  the  general  movements  of  the  explorer  will  l>e  similar, 
its  dip  will  be  very  far  wrong  except  quite  near  B  (and  X).  And 
even  if  the  magnet  be  adju.sted  as  well  as  jwssible,  the  motlel  is  still 
but  a  rough  representation  of  the  earth,  many  im]>ortant  details  of 
the  earth's  magnetism  being  quite  unindicated  ;  for  example,  accord- 
ing to  the  model,  the  isoclinic  lines  should  be  all  parallel  circles, 

•  In  practice  it  is  best  to  keep  the  explorer  in  one  place,  and  turn  the 
globe  so  that  B,  P  .  .  .X  come  in  succession  directly  below  it ;  the  explorer 
then  gradually  t  ,.1.    This  method  has  the  advantage  that  the  line 

h  h'  always  i*  !  ho  that  it  is  easier  for  the  eye  to  follow  the 

movements  of  Un,  iii...tic. 
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whieh  w  l^ve  Meo  (|  Ii6)  thflgr  are  boI.  BttI  for  ipi^ 
pnrpoMiw  Um  iflou  oonveyMi  by  Um  modal  %m  ofltn  eoatMNit 
Lookinf  then  at  the  globe  in  lif.  83  aa  de|ilalte  Um  aarlll  ilaalf, 
we  maj  for  aoch  roogh  pnrpoiea  raCtr  ita  i 
tulrrwi/ aMBim^  8  N.  The  pointa  8  and  N  (vbieb  aie  a  good 
milea  benealh  ibe  earth's  mrfaee)  wmf  be  tanaad  ita **i 
tiva^macnelio  north  and  aoathpolaarBapaelivaljr:  tbey  MnH  nol  be 
eonfoaed  with  the  poinia  Band  X,  which  we alUI  eall  the 
polea."  And  eare  most  be  taken  not  to  leler  the  earth's 
to  polarity  eomem^imUd  ai  B  amd  X 

The  line  B  8  N  X  is  termed  the  aM^NHiftr  dL^  o/ c4«  mr«A»  and  ybr 
(iemtmtary  pmyute*  ii  is  mmU  to  rtf^ard  all  tkt  wtagmttie  wyrukmmt 
ns  pamimg  tkrwtffk  ii ;  in  nmlity,  however,  this  is  a  long  wiyy  from 
tme— «.g^  the  magnetic  meridian  of  liondon  when  ptodneed 
abonl  midway  betwaea  the  gBogmnhkal  and  magnatfa 
tkns  falling  short  of  the  latter  by  about  6Q0  milei^ 

It  sbonld  be  obaenred  that  the  errors  involved  in  tiMsa 
viawB  are  hmwo  aerioos  in  the  southern  than  in  the  nofthaf  haml- 
sphere;  indeed,  it  is  very  probable  that  the  south  magnaHr  pole  X  ia 
a  myth«  or  if  there  be  such  «  |M»le  there  are  two  of  them—that  ia,  two 
plaees  in  the  southern  heuii* 
sphere  at  which  thv  ilipping- 
iMedle  would  set  vertically.    As 
a  matter  of  Ihet,  the  earth's 
magnetism  ia  exeeedingly  com- 
plex, and  cannot  be  adequately 
repieaented  in  any  simple  way. 


129.  Elementary  Repreten- 
tation  of  Declination.  \N'v 
have  seen  ($  188)  bow  the  fore- 
going elementary  view  roughly 
expktna  imdimaium.  We  can 
ako  make  it  do  the  same  for 
d^eUmaHom,  In  ftg.  84  the 
circle  repreaanta  a  pkn  of  the 
northern  hsmiaphara,  O  being  nr-  m- 

the  gaiumphiml  and    B  the 

ir  iMtHh  fMtlc.     P  in  anv  \tLkCt\  (t  P  its  itriigraphiosl 
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iU  magnetic  meridian,  the  latter  being  drawn  on  the  a.48uni|»tion 
(§188)  that  it  pasHeH  through  the  magnetic  axiH.  l^fw  arujU  lUMi 
fhm  rfjrrtirnU  tke  dfcHnation.  At  any  ]>oint  on  the  line  (^  lU  J 11 
the  declination  in  niiy  so  that  this  is  the  agonic  line. 

It  is  clear  that  this  representation  is  very  inadequate.     It  njakes 

ut  that  there  is  only  one  agonic  line,  which  is  a  great  circle  of  the 
earth;  this  (cf.  §  127)  is  by  no  means  true.  It  further  makes  out 
that  as  we  travel  northwards  along  a  given  geographical  meridian, 
the  declination  in  general  increases  ;  this  again,  though  true  in  some 
regions — e.g.^  the  North  Atlantic  -is  not  true  in  others,  fj/.,  Kastern 
Siberia  (cf.  fig.  82). 

EXBBCISB:-— Show  that  there  are  certain  localities  at  which  the  north  pole 

fa  compasa-needle  points  (geographical)  south,  eaat,  and  west  respectively. 

130.  Inductive  Action  of  the  Earth's  Field.  If  at  any  place 
we  hold  a  straight  iron  or  steel  bar  along  the  line  of  dip,  the  lines 
of  force  of  the  earth's  field  will  enter  it  at  one  end  and  leave  it 
at  the  other,  and  by  the  law  in  §  110,  the  end  at  which  they  leave  it 
acquires  northern  iK)larity  ;  in  other  words,  t/u;  erul  jxnntifuf  in  the 
jtontive  direction  of  the  line  of  dip  fjeconies  a  north  j)ole  ;  in  the  north 
magnetic  hemisphere  (§  126)  this  is  the  lower  end,  in  the  south  the 
upper,  while  at  the  magnetic  equator  where  the  dip  is  m/,  it  is  the 
end  |K)inting  northward. 

8upix>se  now  that  instead  of  holding  the  bar  along  the  line  of  dip, 
we  set  it  magnetic  north  and  south.  To  understand  what  hai)pens, 
let  us  resolve  the  earth's  force  into  its  horizontal  and  vertical  com- 
I)onent8.  The  former  magnetises  the  bar,  so  that  the  end  i>ointing 
northwards  becomes  a  north  pole.  The  latter  tends  to  i)roduce  side 
magnetisation,  after  the  fashion  indicated  in  fig.  48,  p.  108.  But,  as 
was  explained  in  §  116,  the  latter  effect  is  very  feeble,  and  may  be 
disregarded.  The  magnetisation  is  therefore  practically  that  due  to 
the  horizontal  intensity  only,  and  must  clearly  be  weaker  than  when 
the  bar  is  held  in  the  line  of  dip. 

In  like  manner,  if  the  bar  is  set  vertically,  the  magnetisation  is 
that  due  to  the  vertical  component  of  the  earth's  force  only ;  the 
lower  end  of  the  bar  l)ecomes  a  north  pole  at  places  in  the  northern 
magnetic  hemisphere,  and  vice  vertd  in  the  southern.  On  the 
magnetic  equator  the  vertical  force  is  nt/,  and  a  bar  held  vertically 
is  unaffected. 


Art  110.}  muuvnuAM  maouktibm. 

If  Ui6  bu*  bs  held  pftrpaodlfliiW  to  Um  line  oT  dip*  tht 
of  the  mrtb'n  furco  in  thv  diitH-ticm  of  iu  IohkUi  t»  n»i,  and  it  U  qiiit« 
unaffected  (except  for  a  negligible  itde  •ctioo>.    In  ftne,  in 
direction  it  be  beld  it  exporienoM  timj^  thm  dreel  ol  iIm 
of  tbe  cAJtb'N  force  in  ikai  dineiiam. 

Any  and  all  of  tbene  effacts  ean  randlly  be  tbovn  witb  a  lone  aofl 
iron  l*r.  Forexnmple,  if  socb  a  bar  be aat  vartkniljr (aay  in  IjiadonK 
and  a  coui|ia«i-needle  be  held  near  iU  lower  end,  the  noffU  pole  ol 
tke  needle  ia  repelled,  while  when  plaoed  near  iU  upper  ead,  ti» 
•ontb  pole  ia  repelled.  If  the  bar  be  now  gradually  tilted  aw^  fnm 
the  line  of  di|s  tbeee  effeeta  grow  weaker  until,  wben  nenrly  per- 
pendicular to  that  line,  tbe  «kU  of  tbe  bar  atlmel  eitber  pole  oC 
tbe  needle  indifferently,  tbe  action  now  being  Mnply  dne  to  tbe 
inductive  effect  of  tbe  needle  ttadf  (f  MX  In  order  tbat  tbeee 
exiHTinienti  ibould  be  eueeeeiful,  tbe  bar  abould  be  ol  prty  md% 
iron,  otberwiae  tbe  earth's  field  ia  too  weak  to  prodoee  a  gaod 
effect  Tbe  eompaaa-needle  abould  abo  be  weak,  ocharwiae  its 
inductive  action  on  the  bar  may  overoooie  thai  of  tbe  earth 
(§  H7X 

A  hard  iron  or  steel  bar  nay  be  inagnetiaid  by  tbe  earth'a 
inductive  action,  provided  it  be  heU  in  a  ioitable  pomtton  and 
hammered  ho  as  momentarily  to  weaken  its  molecular  rigidity  (cf. 
($  109).  Thus,  if  a  common  |ioker  be  heM  N.  and  Hl,  and  «tnxk 
Ahar|>ly  on  the  handle  a  docen  times  or  so,  it  will,  on  reasoving  and 
testing,  be  found  magnetised.  If  it  be  now  turned  tbe  other  wnjr 
round  and  a0un  struck,  its  magnetism  may  be  revetaed  or  i 
though  it  is  diiBcult  to  know  bow  much  to  strike  to 
neutralisation. 

It  not  unfre<|uently  happens  that  iron  rods  are  found 
when  we  want  them  to  be  perfectly  neutral  A  good  way  toi 
them  is  as  folk>ws :— 8et  upa  eompaaa-needle  so  aa  to 
nearly  the  direction  of  the  magntftie  meridian,  make  a  ebalk-line  on 
tbe  Uble  in  this  direction  and  take  the  needle  away.  Than  bold  tbe 
bar  firmly  in  a  direction  as  nearly  as  poaaible  perpendicnlar  to 
chalklinc,  and  hammer  it  at  one  end.  This  looeens  tbe 
and  there  being  in  this  positioo  of  tbe  bar  no  independent  isld 
which  can  appreciably  inffneoce  tbem,  tb«y  simply  (§  M)  torn 

>  Whether  la  tbs  aagnolk)  Beridiaa,  or  pevpandioalsr  10  It  er  < 
to 
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round  iu  obedience  to  each  other's  mutual  attractions  and  form 
closed  ma^etic  chainR. 

The  student  should  examine  fig.  85,  which  shows  the  effect  of 
introducing  a  bar  of  iron  lengthways  (t>.,  along  the  lines  of  force) 
into  the  earth's  or  any  other  uniform  field  (§  118).  Prior  to  its  intro- 
duction the  lines  of  force  of  the  field  are  all  straight  and  {mrallel,  and 
their  positive  direction  is  supposed  to  ha  downwards,  though  the 
artist  has  forgotten  to  mark  in  the  arrows.  On  inserting  the  bar 
it  acquires  |)olarity  in  accordance  with  the  law  of  §  110,  while  on 
account  of  its  high  i>ermeability  the  lines    Ix^comc   distorted    as 


Fig.  85. 


Fig.  8fl. 


shown,  the  field  within  the  bar  becoming  very  dense.  Fig.  86 
shows  the  effect  of  setting  the  bar  ficroM  the  field,  the  letters  N 
and  S  indicating  the  feeble  side  jwlarity. 

Exercises:—!.  (1902.)  A  long  bar  of  soft  iron  lies  on  the  table  in  the 
magnetic  meridian,  and  tbe  north  end  of  it  is  slowly  raised  until  the  bar 
is  vertical.  What  changes  in  magnetism  dae  to  the  inductive  action  of  the 
eaith  does  it  undergo  ? 

2.  (1900.)  How  would  yea  place  a  rod  of  soft  iron  for  it  (i.)  not  to 
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(li.)  to  Iw  iMgiwHtiMl  M  mmbk  m  pamiUh,  by  Um 
iadaotiv*  MdoBT    Give  yon  tmaam. 

t.  (l«t»).  WlMB  •rodofiofllnMiAjrMdloiiffcilMldUi 
poilllMi,  «Mb  Mid  wImb  htid  dowBvaid*  ■Itneto  om  pol«  of  • 
BMdl0MMlr»p»liib«oilMr;  b«lwlMi  lb*  tod  It  Md  be 
AOMtaladbwHoB.  boUi  «odt  altiMl  boib  pol«  of  Um 


4.  (1908.)  A  UU  iftw  flMMt  fa  Jwl  fbnrud  of  Um 
•bip.    BxpUio  how  ihU  will  tJhtH  Um  dlrtelJoa  of  Uw 
thip  b  niUnf  (L)  U>  Um  m^  (It)  to  tb«  north,  la  lh«  northoni 

UL  IflAtto  ud  other  OompoiiaA  Xifiitk  Vftiki.    Il  b 
■mmiUmwi  mowmu^'  i"  pbynicoJ  vxporioMnls  to  h*v« 
needle  upon  which  Um  eerUi  omi  exert  no  infliMMe  ;  iodi » 
celled  oitaliM.    It  ie  not  poniible  to 
e  tingU  needle  which  ehall  be 
but  1^  combining  two  needlee  ee  ihown 
in  flg.  87  the  deeired  property  'i»  •ecured. 
The  two  needlee  must  be  execUjr  stmiUr 
in  length,  strengUi,  etc,  end  ere  firmly 
fixed  on  e  commoo  axis  of   biBM  or 
elominium  with  their  polee  in  oppoeiio 
dirtetioiie.    Sappoee  now  each  e  com-  ^^  ^ 

binetioo   enepeoded   by  a  fine  threed 

nttaebed  to  e  book,  end  act  lothet  tbevertkel  pbuie  thfoogll  tMr 
magneUe  ezte  mekee  any  angle  with  the  megnetk  merfciJan,  TW 
horiaontal  force  of  the  earth  ezerte  a  certain  turning  effect  oo  the 
upper  needle,  tending  to  make  the  combination  eet  with  iu  loft-haad 
|M>rtiun  northwards,  and  aleo  a  precisely  equal  turning  effect  on  the 
lower  needle,  tending  to  make  it  eet  with  iU  left-hand  portion 
eouthwarda.  These  two  turning  effecU  neutralise  one  anoCher.  aad 
on  the  whole  the  earth  has  no  influence  whatever,  so  that  the 
remains  tin  any /Mtilikm  wepUamtogmtiL 

If  the  needlee  be  not  exacUy  simibr,  or  be  not  fixed 
parallel,  the  two  turning  effects  will  notexacUy  neutialiee  each  other, 
and  the  combination  will  not  be  ptrfatUy  aetatie ;  a  aeedk  Nearly 
astatic  is,  however,  sufficient  for  roost  purposee  for  which  •nc\i 
needlee  are  required  (i  I70X 

Wo  oeoBSioaaUy  rsqolrs  to  ooosidor  the  oass  of  two  nssdls*  ^*^^ 
el  tbvir  ooBtres,  or  BMiaied  on  a 
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fo  aw  mmfftker.  If  the  combination  be  suspended  so  that  the  needier  arc 
free  to  turn  horisontally,  it  mnst  evidently  (whatever  be  their  relative 
strengths,  lengths,  etc.)  set  it«elf  in  8uch  a  position  thnt  the  tuminff  effeoU 
of  tks  earth  upo%  the  two  needle*  baianee  erne  anether.  From  this  the  exact 
|io«ition  can  in  all  cases  be  determined  bj  mechanics,  but  in  the  simple  case 
where  the  needles  are  in  all  rejfpecU  alike  it  is  obviooH  that  the  position  of 
rest  will  be  that  in  which  the  magnetic  meridian  biHccts  the  angle  between 
them  (or  more  strictly  between  their  magnetic  axes),  the  north  poles  of 
loth  lying  on  the  northern  side  of  the  east-west  line  :  the  student  should 
draw  a  figure. 


SUMMARY  OF  MOST  IMPORTANT  POINTS  IN  CHAITER  IV. 

1.  The  earth  is  to  be  regarded  as  a  magnet  whose  northern  regions 
eouthem  polarity,  and  riee  vend  (§  120). 


2.  The  direction  of  the  earth's  resultant  force  at  any  place  is  called  the 
line  of  dip,  and  is  indicated  by  a  freely  KU8pended  needle  or  by  the  dip 
circle.  The  earth's  field  in  a  given  locality  is  uniform,  and  the  positive 
direction  of  its  lines  of  force  slopes  downwards  in  tfie  northern  mfiynetic 
hemisphere  and  upwards  in  the  southern  (§§  121,  126). 

3.  The  vertical  plane  through  the  line  of  dip  is  calle<l  the  ma/fnetic 
meridian  of  the  place,  and  does  not  in  general  coincide  with  the  g(>o^rraphicaI 
meridian.  A  straight  line  drawn  horizontally  in  the  plane  of  the  magnetic 
meridian  constitutes  the  magnetic  north-south  line  at  the  place,  and  it  is 
along  this  that  the  compass-needle  sets.  The  angle  between  the  magnetic 
north-south  line  and  the  geographical  north-south  line  is  called  the  declina- 
tion of  the  place,  and  that  between  the  magnetic  north-south  line  and  the 
line  of  dip  the  inclination  or  dip  of  the  place.  The  declination  is  east  at 
some  places  and  west  at  others,  and  the  dip  is  "  north  "  or  "  south  "  according 
as  the  place  is  in  the  northern  or  southern  hemisphere  (§§  122,  124,  126). 

4.  The  intensity  at  any  point  of  the  earth's  field  may  be  resolved  into  two 
components,  one  horizontal  and  one  vertical ;  it  is  the  horizontal  component 
alone  which  affects  a  compass  needle  (§  122). 

6.  Experimental  proof  of  the  directivity  of  the  earth's  horitcntal  field 
a  123). 

When  a  compass  needle  is  acted  on  by  a  magnet  the  needle  takes  up  a 
position  in  which  the  influence  of  the  earth  and  magnet  balances  one 
another,  but  (neglecting  friction  on  the  pivot)  the  force  of  the  magnet  doeq 


ewtalB  vttlM  htton  Um  mmdh  vfll  %i«  u»  ■ 
6.  TIm  Dip  CIrole  and  the  oMlbod  of  wti^  it  lo  liliwhii  (f) 


BMrfdtaB,  (II)  tiM  lUp  (I  IflB). 

rvprtMBUtlon  at  dip  fttwl  (WHfuillrjo.  mk!  IU  MmMifci 
(H  IS8.  IS9) 

fll   B09OU  of   pladDir  Rti    iron    «ir   U) 

north  and  MMith.  (Ill)  Teriir«Jl/.  (iv)  |» 

llaffBtliMtioa  and  d— wfiwUMtioo  of  a  mmI  Mr  iij  im  beip  of  Um  mnh 

t.  AfHtleDMdkid  181). 

BXBBCnin  OK  CHAITBE  IV. 


1.  If  ytm  wUh  to  Mippoft  a  mllonB  bar 
how  la  It  tbai  tba  piirot  mofi  ba  plaead  BMiw  to  <«•  and  tlMui  t«  ilM  otkw  r 
To  which  and  matt  It  ba  omtmI  hi  thia  aoaatiy  t 


S.  How  doa«  the  podtkm  of  a  *•  dippiaf  aaadla  *  ehaaga  whM  H  la 
froai  London  (I)  toward  tha  north  pola,  or  (t)  towardt  tha  aqaalorf 

IL  A  anall  magnat  la  plaoad  apon  a  flat  oorfc  whloh  flonu  la  boiiaor 
watar,  and  It  la  llMtanad  to  tha  ooih  with  a  UtUa  was.  Dawiha  and 
aspUla  tha  babavioor  of  tha  BMgnai  (I)  whan  aadar  tha  hJiMini  of  tha 
«utb*s  magnatlam  alona,  (S)  whan  an  artlfloial  itaal  ■agnti  li 
it. 


4.  How  wonld  70a  eonatraul  an  a*(atio  naadla  oat  of  a 
natiaad  itrip  of  watohnipffing,  which  70a  ara  allowad  to  bind  or 
7onplaaaaf 

fi.  If  aoompaMweraoarriad  round  thaaqaator.woaldit  poiatlnthai 
direotloo  in  all  phMjat  ?    If  not»  ttata  a«  naarly  at  joa  oan  what 
wonld  ba  obtorrad  in  iU  bebavionr  daring  tha  Joninay. 

<.  An  aatatk  oomblnatloo  of  two  nu^inaU  are  at  right  anglv  laitaad  of 
parmllal  to  anoh  othar.  If  it  be  mapendad  aa  nwU,  what  pc«Mon  wOl  It 
aianaia  with  regard  to  tha  magnttio  aarldian  T  Olniiiali  joar  anawv 
with  a  di^nun  ahowlng  tha  forwa  whloh  not  npon  thn  aagnola. 

7.  What  hi  BMantbyajliW  that  tha  nnnotlc  dip  at  London  bcr  irf 
Stata  tai  ganoral  tama  at  what  phweo  on  tha  anithli  avfMa  tha  nuganto 
dip  la 
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8.  A  bar  of  loft  iron,  A  B,  is  plaoe<1  horizonUllj  cast  and  west  in 
London ;  the  eaat  end,  A,  being  about  four  inclics  to  the  west  of  the  north- 
seeking  pole  of  a  ooropaM-needle.  The  end  A  being  fixed,  B  ia  raised  until 
the  bar  is  vertical.  How  is  the  needle  affected  by  the  bar  when  in  its 
original  and  final  positions  ? 

9.  A  Urge  soft  iron  rod  lies  on  a  table  in  the  magnetic  meridian,  and  a 
dipping  needle  is  placed  at  some  distance  and  at  about  the  same  level,  (1) 
due  south,  (2)  due  north  of  it.  How  will  the  magnitude  of  the  angle  of  the 
dip  be  affected  in  each  case  ?  (Neglect  any  inductive  action  between  the 
needle  and  the  bar.) 

10.  A  compass  needle  i.s  deflected  15"  from  the  meridian,  when  a  bar 
magnet  is  placed  on  the  table  some  distance  away.  Will  the  deflection  be 
altered  if  the  poles  of  the  magnet  are  connected  by  a  bent  iron  rod  ?  Give 
reasons. 

11.  A  tall  iron  mast  is  situated  a  little  in  front  of  a  compass  in  a 
wooden  ship.  Explain  the  nature  of  the  compass  error  when  the  ship  is 
sailing  in  an  easterly  direction,  (1)  in  the  northern,  (2)  in  the  southern 
hemisphere. 

12.  (liven  a  magnet  and  the  means  of  suspending  it.  How  will  you 
determine  (1)  the  magnetic  meridian,  (2)  in  which  direction  fu^Alies? 
It  is  assumed  that  you  do  not  know  which  end  of  your  magnet  is  a  north 
and  which  a  south  jwle. 

13.  An  iron  rod  held  vertically  is  tapped  with  a  mallet.  The  upper  end 
is  found  to  repel  the  south  pole  and  attract  the  north  pole  of  a  compass 
needle.  The  rod  if  now  quickly  inverted,  and  the  same  end  (which  is  now 
the  lower)  is  tested  again.  It  is  then  tappe<l  and  once  more  tested.  State 
what  results  you  would  expect  and  explain  them. 

14.  A  horseshoe  magnet  lies  flat  on  a  sheet  of  brass,  which  is  supported 
by  strings  in  such  a  way  that  it  turns  about  a  vertical  axis  but  always 
remains  horizontal.     How  will  it  place  itself  ? 

15.  (1903.)  In  England  a  dip  needle  swinging  in  a  plane  perpendicular  to 
magnetic  meridian  returns  to  a  vertical  position  when  deflected  from  it, 
but  does  not  do  so  at  the  magnetic  equator.     Explain  this. 

16.  A  bar  magnet  is  laid  on  a  table  perpendicularly  to  the  magnetic 
meridian,  and  so  as  to  point  to  the  centre  of  a  compass-needle.  Describe 
and  explain  the  behaviour  of  the  needle. 
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i7.  A  burof  aoft  imn  U  hold  mtkAllj  omr  tlw  mbIivoC  m  4lpM«n», 
bolBoiiMirw.  ooMiffMUMiMteMdtellbfllwMvlliu    Uth» 

diplnerMMdor  •:  1  by  the  pinioii  ofOw  bf . —d  iM^ld  U»  w— to 

)  •«  the  MUM  In  ««oh  of  the  two  hiiabtihiWi  f 


IH.  A  cirip  of  ftoel  U  bent  aboot  Iho  mkldU  poipt  m  Umi  tbo  Mpo  bftlvw 
•re  incUned  to  each  other  at  a  rifht  angle.  It  la  Umi  Mi^MUeid,  ae 
Uiai  Ita  axtnmiUas  are  KNilh  polee  and  Ihe  aagvlar  potet  a  aottai  poK 
and  bi»WMod  on  a  flat  pieoe  of  cork  floating  In  a  basin  of  water.  Row  aill 
It  act  f 

19.  A  oimiilrte  dn'umfertnllaUj  HMgneUted  iteel  rti«  (f  17)  to 
iiuii|>rn«lrd  bjT  a  thrMil  »o  that  iu  plana  to  tartieaL  Row  will  U  behatro 
under  the  lafloenoa  of  the  earth's  mafnaitom  f 

90.  (1899.)  A  HMigBai  oan  roCala  In  a  varikal  plane  aboat  a  hortannial 
line  whtoh  Ilea  In  the  nMgnaCle  aaridtoa  and  )otea  the  oMife  ol  the 
to  the  oentre  of  a  oompaM  BMdla.    Deecribe  the  ■oiemantsof  IW 
naadto  as  the  magnet  rotates  slow^jr. 


II 


PART  III. 

VOLTAIC  ELECTRICITY  OR  ELECTRODYNAMICS. 

CHAPTER  I. 
OBNERAL  FACTS  AND  PRINCIPLES. 

132.  Chemical  Preliminaries.  If  we  place  a  piece  of  common 
zinc  in  dilute  sulphuric  acid,  the  zinc  dissolves  and  bubbles  of 
hydrogen  gas  come  off  which  can  be  ignited ;  at  the  same  time  zinc 
sulphate  is  formed  which  disnolves  in  the  water  with  which  the  acid 
has  been  mixed.    The  chemical  equation  exi>ressing  the  action  is 

Zn  +  H,SO,         =  ZnSO,  +  H,. 

Zinc.  Salphuric  Acid.  Zinc  Sulphate.  HydroKen. 

Moreover  the  mixture  becomes  hot  duHng  the  process. 

Now  let  us  briefly  regard  this  from  the  standpoint  of  energy  (§  61). 
The  group  SO,  (called  svlphion\  which  exists  in  the  sulphuric  acid, 
has  a  certain  chemical  affinity  for  the  zinc,  and  while  they  are 
separate  they  are  in  a  position  analogous  to  that  of  a  weight  raised 
above  the  earth's  surface,  or  to  a  piece  of  coal  which  is  ready  to  unite 
i^ith  the  oxygen  of  the  air  ;  they  possess  chemical  jxjteiUial  energy 
(§  61),  and  when  they  come  together  forming  the  com|)ound 
Zn  SO4  this  potential  energy  is  converted  into  heat.  Before  however 
the  SO«  can  unite  with  the  Zn,  it  has  to  be  riven  from  the  H,  with 
which  as  sulphuric  acid  it  is  united,  and  this  separation  resembles  the 
fi/ting  of  a  weight ;  work  has  to  be  done  to  effect  it,  which  can  only 
be  at  the  expense  of  some  of  the  heat  in  the  mixture.  The  heat 
consumed  in  separating  the  SO«  from  the  H,  is,  however,  less  than 
that  produced  in  its  union  with  the  Zn,  so  that  on  the  whole  there  is 
a  conversion  of  chemical  potential  energy  into  heat,  and  it  is  this 
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Aft  lit.] 


onuuo.  f  AOiB  Aim 


whkk  is  aIoim  ol  impotUaee.    TIm  a»«  tiuim 'i^iui*  n 
A  grtsl  nany  oibor  cbooUa 

WkM  ftay  Actkm  (ch—imi  or 
of  potattlkl  bto  «MM  otlMT  fonn  oT 
spoken  of  M  A  tomtt  of  eMffy  tiMHigb  ol 
U  roaUy  CTMted ;  tbtu  Um  eombiMtioB  ol  ood 
Miliihuric  uid  on  line  nrv  boili  **  mmnm  **  oC 
of  thU  cbiipter  we  alnU  ■m  how  Um  kttar  aad 
astioni  OMiy  bo  mode  aonrctti  ofifniiiWoBony- 
mnnifwdag  itadf  in  oMocktion  with  oledrieilgr. 

If  while  the  jdm  ie  dinolvinc  tn  the  oolphnrie  mad  we 
roewnty  npon  it,  the  letioa  ciee^  end  in  like  aMaaer  if  the  nw  be 
ant  weU  elenned  end  then  rahbed  with  neftonr  (in  wUeh  cm  it  ie 
■eidtobe  aeia/yieialiil)  the  ecid  onder  otdinnqr  eifOHMlHme  he» 
noeetion  upon  it  The  mmm  ie  the  cmo  if  the  line  be  p«licl|r  pwe ; 
in  feci,  the  commonly  reeeived  egphinntinn  of  the  eethm  of  the 
iiii*rriir\  ih  that  it  diaeolvfle  the  onltr  leyere  of  the  line,  leevhiff  the 

liehina,  im)  that  the  portion  in  oonUct   with  the  ecid 
...I. .......    u  pure.      ITAy   there  ■honld  be  this  dilTersnee  in  the 

Uluivioiir  of  pore  end  impure  line  will  be  expkined  in  f  15a. 


133.  Simple  Voltaic  Cell    Now  take  e 

iri<l  (tiK'.  ><'<).  iiiiil  ill  it  put  A  pkte  of 
N  .  wluitt'vrr  (Mvurx     Next  put  into  the 

eeid  e  pfaUe  of  eopper,  C  (not  toochinK  the  linc). 
Affun  no  action  oecnre.  Now  conneet  the  xinc 
and  eopper  platee  by  a  copper  wire,  M.  which 
ia  moot  conveniently  done  by  aid  of  btiidiiiK 
acrewa.  Bubblea  of  hydrogen  are  then  given  off 
frtmi  tilt*  cftifiirr  plate;  and  if  the  action  br 
allowtM  to  Kn  on  ft>r  aomo  time,  it  i»  fonnd  that 
the  sine  loeea  weight  whil«*  the  eopper  doee  not, 
and  that  the  eolution  containe  line  wlphate. 
In  fact,  aa  aoon  aa  metalltc  conneetion  ia 
eatabttahed  between  the  two  platee,  the  laae 
chemical  eetion  aeU  in  aa  in  f  ISS :  the  line 
diaiolTce,  and  hydrogen  ia  liberated.  If  Ay  the  hydroen 
appearance  on  the  eopper  inateed  of  the  linc  ia  a 
which  we  ahall  dtaenei  in  {  14& 
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The  contrivance  in  fig.  88  is  calliHl  a  nmjiie  ihjIuUc  or  <j<Uv<imc^ 
crll.  It  HcrvcM  n.s  a  convcnivnt  introduction  to  the  Htudy  of 
electriKiyniiniitrts  although  in  unurticc  it  in  Heliioni  used,  there  U^ing 
other  kinds  of  cells  which  answer  much  Iwtter.  It  frequently 
happens  too  that  a  single  cell  of  any  kind  is  iuMUilicient  to  do  wliat 
we  want,  and  we  then  employ  a  combination  of  several  cells,  such 
combination  Iwing  termed  a  ttatterff.  The  most  im|N>rtant  cells  and 
batteries  we  shall  study  in  due  course,  but  there  are  certain  general 
points  connected  with  the  whole  subject  which  it  is  desirable  to 
understand  at  the  outset,  and  these  we  shall  consider  in  the 
remainder  of  the  present  chapter.  It  must  be  understood  that 
though  our  remarks  may  be  illustrated  by  reference  to  the  simple  cell, 
they  apply  with  mere  changes  of  detail  to  cells  and  batteries  in 
general  and  also  to  dynamos. 

In  the  simple  cell  we  may,  in  place  of  a  copv»er  plate,  employ  one  of 
platinum  or  gas-coke  or  any  substance  which  is  a  good  conductor  of 
electricity  and  is  not  acted  on  chemicully  by  the  acid. 

134.  Introductory  Considerations  and  Nomenclature.  The 
wire,  M  joining  the  plates  of  a  cell  (fig.  88)  is  found  to  |K)SHes8 
several  remarkable  properties :  for  example,  if  held  lengthways 
over  a  comi>ass-needle  it  will  deflect  it  from  the  magnetic  meridian. 
But  as  soon  as  it  is  detached  from  one  of  the  binding-screws, 
or  cut  at  any  jwint  so  as  to  interpose  an  air-gap,  these  pro- 
I>orties  at  once  disjvppear,  the  chemical  action  in  the  cell  ceasing 
at  the  .same  time.  It  is  therefore  natural  to  attribute  the  properties 
in  question  to  some  influence  flowing  along  the  wire,  but  which 
cannot  cro.ss  an  air-gap,  and  this  influence  is  called  ;in  rlectric 
current. 

Now  let  us  look  more  fully  into  the  matter:— The  fn.^i  jH>iut  t*> 
notice  is  that  (as  we  shall  show  exi)erimentally  in  §  140)  l>efore  the 
plates  are  connected  by  the  wire  they  are  at  different  iKitentials,  that 
of  the  copper  being  the  higher.  This  being  so,  then,  l)y  Poisson's 
Principle  (§  32),  as  soon  as  connection  is  made,  electricity  flows  along 
the  wire /row  the  cofjper  to  the  zinc  plate y  as  indicated  by  the  an^ows 
(fig.  88).  According  therefore  to  this  view,  the  so-called  electric 
current  is  a  real  flow  of  electricity,  just  as  truly  as  a  water  current  in 

'  From  Volta  and  Qalvani,  two  Italian  physicists  of  the  eighteenth 
centurj*. 


Art  ifi]  oMxtauiL  rA«rTM  AKP  rmwotrum,  16& 

tt  |)i|ie  U  A  roU  How  of  wmior,  mmI  euttinfc  ibo  win  al  any  point,  or 
detMlunf  from  one  ol  ibe  pklM^  eorf«n|Mind»  to  twiiinff  off  n  ^ 
Iheplpni 

Tliia  bowofv  to  MH  nil  thnl  tnlm  plane  in  n  toitnin  eA  Uwm 
take  two  nlnetvoatatkally  ebtfgad  oondwlofn  at  dUrainnl  piUaiiiiaii 
by  n  wifa,  a  noaMrtary  cwmol  iowa  and  Iba 
•qualiML  Bnt  if  tiM  condnctota  ba  raipaalivaly 
to  Iwo  naebuMi  workinff  lo  difcrant 
tba  potantlala  eannot  beeoma  aqnaliaad  booaiwe  tba 
alway*  itnaqaalMing  tbcm ;  %ra  bava  in  fact  in  tba 
of  aoaqar  ({  m\  and  tbia  enargy  nMblaina  a  oontlnanl 
difafanee  in  tba  coodnctoiB,  givinir  a  contimnU  eonant.  It  ia  tba 
«una  witb  oar  c«ll.  Tba  cbanial  action  of  tba  aalpborie  add  vpon 
tba  tine  in  a  mmrr^  nf  anatiQr,  it  niaintatna  a  omttnaal  pTTtantial 
dilTarence  brt '  l^ataa,  nnd  wa  bava  n  continoooa  omaot  ao 

kmicniitliacfli  tion. 

Thv  ctirn*nt  in  a  voluir  cfll  dom  not  exiat  in  tba  wira  only,  bat 
aliio  in  liquid.  The  elvctririty  hairing  flowad  froni  tba  eoppar  to  tba 
zinc  by  virtue  of  the  |M)tential  diflTaiaooaof  tba  plale«,  ia  drivan.^'WM 
the  :inc  nrrrm  the  lufuitl  tn  the  c^tpptr  hf  mrtm  of  tke  fner^  qf  tke 
ehrmiciii  wtion.  TlMt  in,  it  flows  </oira  lAe  fMdtmimi  ^twUtmi 
tbroagb  tba  wire,  «u  to  apeak  **  of  ita  own  neeont,"  and  ia  than  foivad 
n|»  140  ^fwciiml  by  tba  anargy  of  tba  abamieal  nation.*  Havinvgot 
Q|s  it  iH  ready  to  flow  down  a^un  and  ao  on,  ao  tbat  it  kaapa  on 
Howiiig  ruund.  Tba  wbola  oall  may  be  likened  to  a  coapla  of  wntar 
tnnkaat  diflerant  lavelaaoanaotad  b^a  flow-pipe  nnd  n  pampi  Wnler 
flowa  from  tba  appar  tank  to  tba  lowar  **of  ita  own  aeeofd,"  it  ia 
then  forced  up  again  by  tba  energy  of  tbe  pomp,  flowa  down  a^un, 
and  BO  on,  ao  tbat  tbare  ia  a  eontinoona  airrent  aa  long  aa  tbe 
pump  workit. 

The  entire  patb  of  the  current  through  tbe  wire  and  eall  ia  oallad 
the  circuity  the  portion  through  the  wire  being  tbe  i jjii  niif  dreoit 
and  tbat  tbrough  the  I  he  platea»  aerawa,  ate)  tba 

Mlrmnl.    Now  in  the  \^  i'4givan  tbarabagiaidaal 

fall  in  InW  from  the  upfier  to  th«-  Ut^xr  unk,  bat  tba  wntnremiil 
is  tbe  lamie  at  all  parts  of  the  circuit,  ami  tbia  b  trne  wbatber  dto 

*  In  f  I8H  we  »hall  mw  tlisl  there  b  not  ao  ap-gnMlleat  a/I  the  way  tram 
tbe  tine  to  the  copper  Utroogh  the  lk|ai«l.  bat  at  present  tbb  is  a  detail 
whieb  does  not  ooncen  an 
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pipes  be  of  uniform  bore  or  not'  In  like  manner  in  the  electric 
circuit  there  is  a  gnuiual  fall  of  potential  along  the  wire  from  the 
copiHjr  to  the  zinc,  but  the  electric  ewrreni  is  the  same  at  all  i)»irts  of 
the  circuit  InHh  external  and  internal  ;  the  student  «houI(l  note  this 
very  carefully— a  common  error  is  for  example  to  imagine  that  if  the 
wire  is  thicker  at  one  end  than  at  the  other  the  current  will  }je 
stronger  at  the  thin  end,  but  it  is  not^  it  is  just  the  same  all  along  the 
wire.  Another  common  though  less  serious  misconception  is  to 
look  upon  a  cell  as  a  generator  of  electritity,  but  it  no  more  makes 
the  electricity  than  a  pump  creates  water ;  in  fact,  voltaic  cells, 
dynamos,  and  all  other  so-called  "  electric  generators "  are  -nothing 
more  than  electric  jmmjis  :  the  electricity  is  in  the  circuit  already, 
and  all  the  *'  genenitor  "  does  is  to  pump  it  round  and  so  make  it 
pHxiuce  numerous  effects  which  it  cannot  when  at  rest. 

Frequently  the  external  circuit  consists  not  of  a  mere  wire,  but 
includes  some  instrument  placed  in  the  course  of  the  wire  and 
through  which  the  current  is  conducted.  A  mere  wire,  or  any 
instrument  in  which  no  mechanical  or  chemical  action  occurs,  is 
called  a  dead  connexion,  and  unless  the  contrary  is  stated  we  shall 
always  suppose  our  connexions  to  be  dead.  The  characteristic  of  a 
dead  connexion  is  that  it  contributei  no  energy  and  that  all  the 
enei'ffff  it  (lOsorbs/roni  the  current  is  convei'ted  directly  into  lutit  ;  in 
other  words  it  is  neither  a  "  source  "  nor  a  "  sink  "  of  energy.  When 
on  the  other  liand  any  i)art  of  a  circuit  is  a  source  or  a  sink  it  may  be 
termed  "alive";  an  electromotor  such  as  is  used  to  drive  tramcars  is 
"  alive  " — it  absorbs  energy  which  is  converted  into  mechanical  work. 

The  binding  screws  attached  to  the  plates  of  any  cell  are  called  its 
terminals  or  poles ;  the  plate  or  jwle  of  higher  ix)tential  is  termed  the 
positive  or  high'jx)ttntial  (II.  P.)  plate  or  jwle,  and  the  one  of  lower 
the  negative  or  lotv-pfjtential  (L.  P.)  plate  or  pole  ;  thus  in  the  simple 

'  By  the  water  current  at  any  point  of  a  pipe  is  strictly  meant  the 
quantity  of  water  which  in  a  given  time,  nay  one  second,  crosses  a  section 
of  the  pipe  through  that  point  and  perpendicular  to  its  sides.  Now  in  fig. 
69,  p.  12H  (now  u.sed  with  different  interpretation),  let  A  B  C  D  be  a  pipe 
of  varying  breadth  and  PQ,  1"Q'  any  two  crosH  sections,  and  suppose  the 
water  flowing  from  left  to  right ;  then  it  is  obvious  that  whatever  quantity 
of  water  enters  the  iM>rtion  TQ  Q' P' of  the  pii>e  through  the  section  PQ, 
an  ff^fMol  quantity  must  in  the  same  time  {jass  uut  through  the  section  P'Q' ; 
that  is  the  currents  across  the  two  sections  are  the  same.  Precisely  the  same 
reaooniog  applies  to  the  electric  current. 
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cell  Um  ooppar  U  tlie  H.  P.  or  *«-  pkl«  Aod  the  lOTmind  tkmmo 
attMhad  the  H.  P.  or  •!>  pola* 

A  vdltalo  eaU  Bi^  b«  rafwdMl  m  m  dcviet  lor  mtUfmt^  U§  mt^t§  ^ 
tAMtUmi  mttim.  If  w«  OMmlj  dliwlv*  sl«o  in  Mlpharie  mW  m  ta  f  IH, 
•U  Um  mmwf  of  ib«  aoiloo  goM  diraoi  to  bMt ;  bm  if  «•  4b«ol«o  Hlmrn 
volldo  o»ll  thb  MMffiTT.  ituH/md  of  gohtf  4irMip«  to  ImM,  gow /IrMf  to  po»|i 
•lielffiolty  f ram  a  lower  to  m  highor  pnl—lial.  Mark  tbo  m«di  hitlnfciil 
W«  do  BOi  Miy  that  in  *  volulc  ooU  tho  •■Mgjf  i4W«  mT  go  lo  b«l,  b«l  ttel 
il  doM  not  do  w  difHif,  If  Um  pUtas  m«  SMrvlj  iwn— bM  by  a  win  all 
tiM  origlaU  obMaloal  potontUl  ootrgj  •Itiaolr^  goM  lo  Imu,  |aut  ia  tba 
liquid  and  plalaiK  aad  part  io  tha  wirt ;  bat  it  do»  not  do  to  fliaiglil  awiqr,— 
it  flrrt  pampa  np  tba  alaetridty.  ooofrrriag  aooigy  apoa  it,  aad  ilda  mm^ 
aftarwaids  baoMMs  baal.  Bat  wa  oaa  pr^vant  wamm  of  it  froM  bw—jaf 
b«at  if  iiMlaad  of  juiaiog  tba  plaloi  bj  a  OMra  viia  »«  odUMOt  oaa  of  Uhs 
to  oaa  tanainal  of  a  Msall  alaotro-moCor  and  tba  otiMr  to  tba  ollMr ;  Iba 
cormit  tban  drivas  tba  marblna.  widob  odgbt  ia  tara  ba  atad  to  laa  a 
unall  Biodal  traoioar  ap  aa  laeliaa ;  la  tbis  way  aoma  of  tba  lagy  of  Ika 
cbanloal  action  it  ooaTortod.  aot  iaio  boat  mt  mil,  bat  iato  tba  petaaHal 
eaaigy  of  tba  apliftad  oar. 

BlgacmM :— 1.  A  piaoa  of  ooppar  aad  liae  ara  pat  tlda  bjr  itda  ia  a 
vaHil  of  dilota  talpborio  aoid.    Wbat  takas  plaea  im  tk^  wmtfi 
ooppar  aad  riao  ara  joiaad  bja  wivtf 

S.  In  tba  praoadiag  qaaatioa.  If,  iaitaad  of  aaplqyiaf  a  arin^  tJ 
aad  liao  pktoi  ware  auala  to  toacb  balow  tba  tatfaoa  of  tba  add.  wbat 
woaUbappaa! 

t.  Qiva  a  dmwing  of  a  galvaalo  oall  of  ooppar,  tiae,  aad  dUaU  aalpbaria 
aoid,  abowiag  in  wliat  dirwUoa  tba  oorrMil  paaaaa  tbtoagb  a  wire 
cooaaoting  tlia  two  metals,  aad  abo  tbroagb  tba  aoid. 

4.  A  piaoa  of  liao  aad  ooppar  are  Mob  oarsfaDj  araigbad ;  tbay  art  tbaa 
ooaaaotad  by  a  copper  wire,  aad  dipped  tida  by  tide  iato  dibrta  lalpbarir 
aoid  ooatained  in  an  oartlieaware.  Jar.  After.  My.  balf  aa  boar,  tba  piaoat 
of  liac  aad  ooppar  are  lakan  oat,  waabad,  dried,  aad  waigbad  agala. 
Woald  tbe  waigbu  be  tbe  tama  at  at  fliat  f  if  aoi,  bow  aad  wby  «oald 
tbetydiflarf 

A.  A  oarreat  flowt  tbroi^b  a  ooppar  wire  wblob  It  tbidMr  at  oae  and  tbaa 
attbaotbar.  IttbereaaTdlirareaoaaitbar(l)iatbattrHtgtbof tbeoarraal, 
or  (S)  la  tbe  potential  at  the  two  aiKla  of  tba  wire  T 


*  Tba  okler  writara,  for  rtatont  iato  wblob  wa  ati 
baUi  of  oaUiag  tba  ooppar  itaalf  tba  a#fafiar/lal#  aad  Iba 
lo  it  Iba  MaMtaaalf  bat  tbb  ooafaalBg  aoaMacUtaia  ia  aow 
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13ft.  ResUtance ;  Extenial  and  Internal.  The  giibHtHnce^  which 
l>ermit  an  electric  current  to  flowalonK  them  are,  in  general,  the  same 
as  thoae  hitherto  tenned  conductors  (§  8) :  the  terniH  *'  conductor " 
and  *•  insulator  "  thuH  apply  hnmdly  to  the  same  reHi>ective  suUstanceH 
in  cloctrodynaniici*  »us  in  electrostatics.  But  there  are  two  ini)H)rUint 
differences.  The  first  arises  from  the  fact  that  the  electrical  pressures 
with  which  we  have  to  deal  are  incomiwirahly  smaller  in  electro- 
dynamics than  in  electrostatics,  so  that  a  substance  may  Ikj  a  good 
I'lectrodynamic  insulator  which  is  an  electrostatic  cx)nductor  :  this  is 
so  with  wood,  and  generally  with  all  substances  termed  in  electro- 
statics "  partial  insulators  "  (§  13).  Pure  water,  though  electrostati- 
cally a  good  conductor,  is  electrodynamically  a  very  bad  one. 

The  second  difference  arises  from  the  fact  that  we  are  dealing  now 
with  electricity  in  nwtion.  Now,  in  electrostatics  we  have  regarded 
all  good  conductors  as  practically  alike— for  example  an  iron  liall 
l>ehaves  precisely  like  a  copper  one  :  this,  of  course,  is  Ijecause  the 
charge  is  on  the  external  surface,  it  Injing  the  gurronndinff  dielectric 
which  regulates  the  behaviour  of  the  })all  (§  '>«),  and  not  iU  oum 
mnterinl.  But  electric  currents  flow  tkvowjh  the  actual  substance  of 
wires  and  other  coTidnctors,  and  in  so  doing  encounter  oi>position,  the 
amount  of  which  def)ends  upon  the  material  of  the  conductor  as 
WM'll  as  its  size,  etc., ;  this  opposition  is  called  the  resistfuice  of  the 
conductor.  As  the  current  flows  round  the  circuit,  it  has  to  encounter 
the  resistance  of  the  wire  and  of  any  instruments  in  the  external 
circuit,  and  also  that  of  the  liquid  in  the  cell.  The  former  constitutes 
the  external  resistance^  the  latter  the  intern/tl^  the  two  together 
making  the  totul  resistance. 

The  resistance  of  a  wire  depends  u]K)n  three  things — viz.,  its 
lengthy  its  thickness^  and  its  uiateriaL.  For  wires  of  the  safne  material 
the  resistance  is  greater  the  longer  and  thinner  the  wire.  The  reason 
for  this  is  tolerably  obvious,  for  the  longer  the  wire  the  greater  the 
distance  through  which  the  electricity  has,  so  to  speak,  to  grind  its 
way  ;  while  the  thicker  it  is,  the  broader  is  the  path  it  affords  to 
the  electricity  and  therefore  the  less  the  resistance — ^just  as  a  broad 
I)il>e  offers  less  resistance  to  the  passage  of  water  than  a  narrow  one. 
In  the  higher  |»arts  of  the  .subject,  methods  are  devisjed  for  the  actual 
measurement  of  resistances,  and  it  is  then  found  that  there  is  a 
definite  law— r/i.,  t4iat  for  wires  of  the  same  material  the  re.sistance 
is  directly  proportional  to  their  length  and  inversely  proportional  to 


Art.  iM.j  iiRinttAL  PACf  Airt»  rmmtrum,  Ifli 

UMtfatoftlieireroMMirtlon:  tbii«  if  webftd  t«oeo|ip««iiwoltlM 
iMDe  length  l>tit  (»f  wliirh  otw  ha*!  f<Mir  tiniM  Ike  wirtin— I  mm  ol 
the  oilier,  the  tliick  one  wonl.l  l»i»v.  ..nIv  *  iiiMirt«*r  ifM>  rwi«iAtwwa| 
the  thin  one. 

If  WP   COnmCier  Wtrra  nil  <»(   fnr  mtmtr  irwmjin   'fN'f    uTTiittwttta  c«rw«  tim^kt 

rv«i»Unc«M  vnry  Kr^^tly  •cmnlinn  lo  llieir  nnleriBL  TW  ttMabwi 
mpreennff  the  rektive  rerininree  ol  wiree  o(  dtferenl  nMUetkk  b«l 
of  UieeMne  length  nndliifainiMi,nin  called  llwyi<vfcriiiHBnnM</ 
Me  imtierifth  ;  *  thrir  velnee  depend  eim|ily  upon  llie  nmlerinK  end 
in  no  wey  u|iun  th«  actoel  lengtlMi  etr.  ( H  all  aiKelinfee,  eiher  hee 
Ihe  loweel  apeeifie  reeialenee,  Ibnl  of  copper  ia  e  Utile  greelii.  llm  el 
iron  end  pletinnm  ranch  greater,  and  tlna  ol  Uermnn  alhrer  granaer 
»till.  The  nwiMtance  (»f  imtiiklani  i««  of  connn,  timwrnna  l^ve 
water  Imm  a  \'ery  high  maiitunee»  ImiI  iImi  maiaUnm  ol  dilttle  anlpHnrk 
arid,  ami  of  the  other  HqokU  employed  in  voNnie  celK  ie  in 
fairly  imiall. 

The  following  numhem  repreaent  epproxiraelely  Uw  apeeiii 
ancea  of  the  moet  important  melnla,  that  ol  ailver  being  Inken  m 
nnity  :  it  abotdd  be  obaenred,  however,  thai  Ibe  nnmbeis  vary  eon- 
in  diflferent  apeetmene  ol  the  anme  metal,  aeeoidiag  to 
1  ml  the  way  the  wire  hae  been  dmwn.     In  aome  apecinl|)r 

prepared  copper  wiree  the  epedfic  imielnBcn  ie  Um  Iken  Ikal  ol 
silver. 


Bilrer 

1 

1    lion 

6 

Copper     . 

II 

Qermaii  Silver 

.     IS 

Matinuni 

:»-5 

Memtry       . 

.  «r 

Suppoee  now  we  compare  the  rfwiitencw  ol  aevevd  oella  all  ol  Ike 
aame  k$md^  and  differing  only  aa  reepecU  tke  dirtem,wa  ol  tkcir 
pfaUce  apart,  and  the  areaa  of  theui  lielow  tke  aorfece  of  tke  liquid. 
The  paaeege  of  tke  current  tkrough  tke  liquid  from  one  plate  lo  Ike 
•Hher  ia  analogoua  to  ita  flow  along  a  wire,  tke  dittenea  belw^Ben  Ike 
pUtea  correaponding  to  the  length  ol  tke  wir^  and  tkeir  iinmeteed 
area  to  tke  eectional  area  of  tke  wire;  hcnettkerttutam»ofaetOmM 
bf  grmUrtktgrtaUr  ike  Juiamee  bettttm  thr  idaUt^  ^tml  tMr  trm  tknr 
imm%erwfd  artOt  or,  apeaking  bruailly,  fJ^  imtrmnl  rrmMttmcr  is  l^m 
Ike  htrfftr  tke  ctil.    A»  will  he  mcjre  fully  mt*u  in  §  I3N,  tke  effrrt  «»f 

'  The  terei  apedflc  reaitCaaoe  rooeiTe*  a  mofe  prudee  clriaHU«  In  ihr 
mathematical  perU  of  the  sehjivt. 
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Other  things  being  the  same,  is  to  weaken  the  current,  it 
is  therefore  in  general  an  advantage  to  employ  cells  as  Urge  as 
possible  and  with  their  plates  as  close  together  as  possible. 

When  the  polen  of  a  cell  (or  battery)  are  not  connected  by  a  wire 
or  conductor  it  is  said  to  be  an  open  circuit ;  the  external  resistance 
is  then  practically  infinite  and  the  current  nil.  If  they  are  so  con- 
nected the  circuit  is  said  to  be  closed  or  "  nrnde"  or  "complete."  If 
they  are  connected  by  a  thick  and  fairly  abort  wire,  whone  resiHtance 
is  practically  m/,  the  cell  is  said  to  be  on  short  circuity  in  which  case 
the  current  is  as  great  as  the  cell  can  possibly  yield. 

In  experimental  work  it  is  usually  necessary  to  pass  the  current 
through  some  instrument,  into  which  it  is  conducted  by  so-called 
Irtulit  or  feeilers.  These  are  stout  copper  wires,  which,  having  very 
small  resistance,  do  not  appreciably  weaken  the  current ;  a  convenient 
size  is  No.  18  Birmingham  Wire  Gauge  (B.W.(f.),  which  is  about  V« 
inch  diameter. 

The  main  body  of  the  earth  is  an  excellent  conductor,  electro- 
dynamically  as  well  as  electrostatically.  If  we  connect  one  pole  of 
a  cell  to  the  gas-pipe  and  the  other  to  the  water-pipe,  the  circuit  will 
be  completed  through  the  earth,  and  the  current  will  flow  just  as  if 
the  two  poles  were  joined  by  a  single  wire.  In  telegraphic  work  the 
circuit  is  commonly  completed  "  tbroilgh  earth,"  thus  saving  the 
expense  of  a  '*  return  wire,"  and  also  diminishing  resistance,  sin«p 
the  resistance  of  the  earth  portion  of  the  circuit  is  very  small. 

Exercise  :— There  are  two  wires,  A  and  B,  of  the  same  material,  but  of 
which  B  is  12  times  as  long  as  B  and  doable  its  diameter.  Comi«arc  their 
resistance. 

136.  Ohm's  Law.  The  Volt,  Ohm,  and  Ampere.  Potential 
Drop,  in  Hk.  ^9  let  A  and  H  be  any  two  points  on  an  electric 
circuit,  and  suppose  the  current  flowing  along 
the  circuit  in  the  direction  of  the  arrow,  so 
that  by  Poisson's  Principle  the  potential  at  A 
is  higher  than  that  at  B.  Then  confining  our 
attention  to  the  portion  A  B  of  the  circuit, 
there  are  three  things  which  we  have  to  consider,  viz.  : — 

(1)  The  current  in  it:  this  we  denote  by  C. 

(2)  The  /JotentifU-diference  {P.D.)  of  its  extremities  A  apd  B  :  this 
we  denote  by  V. 
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(S>  lu  rmstamet :  thk  w«  deooto  by  R. 
V  r,5  U  ft  kw  known  m  Okm*»  Lam}  wUdi 

.  ftiid  U  to  the  effwl  thnt  on  tiM  «wl«ilnBdii«  tlHt  «di  U 
«»iiiiMk»a  in  Ka  own  pfoper  nniu  to  \m  hn— ithtdy  MpkfaMd,  IhM 

c-J  ax 

or  piittiiiK'  it  in  words  : — 

\iiiftOTportiooorftcliviiU  *       Batif Unee  of  thnt  I"  ^^ 

In  ampbyinf  thb  Uw  it  im  to  Imb  tmdenlood  thnlpotentul-UiffcfcooHi 
Are  to  !»  wrtintntnH  in  uniu  cnlled  iofli,  ndttma/tm  In  nnili  cnllid 
oAmi,  Mid  mrrentft  in  onita  odlad  ^w^fkm*  TImm  nniti  u%  fai  pv- 
potttfti  UMs  liy  el«ctrictftn«,  and  a  atndMit  aoon  beeuw  n*  Ikadlkr 
with  thcni  All  he  i*  with  the  fuot  am  the  unit  of  lenftli,  or  tlw  poond 
M»  the  unit  of  wisixht.  It  in  quite  inipoMtble  and  ftlm  qnito  nnmcw 
Mry  to  give  strictly  itrientiHr  definitions  of  tlirai>in  an  tlMMBlnry 
coanie ;  but  the  following  pradiad  ddlnitiona  nngr  b«  belpfvl  :— 

A  vo/i  iH  I!  the  Electromotivn  Pom  of  a  DmimU  eelL  tTIm 
definition  will  be  botitr  onderttood  after  rending  H  ^^  **<l  '^1 

An  ohm  iM  the  reeistnnce  of  8A  yanU  of  Na  18  B.W.G.  pore 
wirv  (mm*  \mA  |Mr.  l»ut  one  of  $  \V\\ 

An  ttm/icrr  in  the  current  which  ft  volt  would  drive 
uhni  ;  tliftt  iii,  if  we  luul »  piece  of  wire  of  I  obm  inaiilMM 
Uined  ft  r.l).  of  1   volt  ftt  Its  ends,  the  correoi  In  U  wonid  be 
1  ftiup^re. 

The  r.L).  between  ftny  two  points  such  ss  A,  B,  fig.  W,  of  n 
circuit  is  s|ioken  of  liy  pmcticftl  electricians  as  the  potential-<lnifi 
akmg  A  B ;  we  may  acooidingiy  write  Ohm's  bw  in  tbe  fonn— 

or  Drop      -  Current  x  Beriitancw    .    .    .    (iX 

Ohm'«  I  AW  iHthe  fundamental  Uw  of  EleolitMiynnmica»  and  slwold 

({TMped  by  the  student ;  it  mmt^  however,  be  obeuied 

I  ius  idwve  given  it  is  only  tme  when  the  poition  of  the 

circoii  considered  is  **dead'*  (§  IS4>— if  it  eonlnlna  any  aonree  or 

sink  of  enenor  the  statement  of  the  kw  needs 


The  frmf  of  the  kw  b  given  In  the  higher  |iaiU  oC  the 
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BXKBCI81E8 :— 1.  A  pieoe  of  wire  baa  a  resistoDoe  of  6  ohms,  and  the  P.D. 
of  iU  ends  is  18  voU« ;  what  is  the  current  in  it  ? 

i.  The  terminals  of  an  Incandescent  electric  lamp  have  a  P.D.  of  60 
volts,  and  it  takes  a  current  of  f  ampere ;  what  is  its  resistance  ? 

3.  An  (ivcr-hcad  trolley-wire  has  a  resistance  of  half  an  ohm  per  mile,  and 
carries  a  current  of  2()  amperes  ;  find  the  potential-drop  per  quarter-mile 
alon^  it. 

137.  Electromotive  Force.  An  extremely  imi)ortant  quantity  in 
connexion  with  a  cell  or  })attery  ia  what  is  called  its  Electr<niu>tiv€ 
Fmre  {E.M.F.).  Thi.s  may  be  roughly  defined  as  "the  inttuence 
which  drives  the  current,"  but  its  strict  definition  is  the  difference 
of  iMttentiaU  of  its  teivnitmh  wlim  on  ojten  circuit. 

Now  it  is  found  by  mea.surement  (§  140)  that  the  K.M.F.  of  a  cell, 
tp/ien  freddtj  ^fftteJ  up  and  in  fj(nnl  comlitum.,  deiHjnds  simply  upon 
the  kind  of  cell— »>.,  whether  it  be  a  simjde  cell  or  a  J>anie]l, 
Leclanche,  Poggendorf,  etc.  (Chap.  II.)  ;  it  in  no  way  dei>ends  \\\K>n 
the  nizr  of  the  cell  or  the  arrangement  of  its  plates  :  the  student 
should  nott;  this  carefully  and  contrast  it  with  what  was  said  in 
§  135  regarding  internal  resistance.  It  is  thus  |K>s8iV)lc  to  tabulate 
the  K.M.F.'s  of  the  different  tyijes  of  cell  in  definite  numbers.  A 
Daniell  cell  (§  14«),  for  example,  has  an  E.M.F.  of  11  volt,  and  this 
furni.shes  the  practical  definition  of  the  volt  given  in  the  preceding 
article.' 

The  difference  of  iK)tentials  of  the  tenuinals  of  a  cell  (on  oi»en 
circuit)  is  a  perfectly  definite  thing  depending  only  on  the  kind  of 
cell,  but  their  imlividiud  })otentialB  are,  so  to  speak,  more  or  less 
accidental.  Thus,  if  we  have  a  Daniell  cell  with  its  terminals 
in.sulated  from  the  earth,  we  know  their  P.D.  is  \'\  volt,  but  we 
have  no  guarantee  as  to  potential  of  either  of  them  sei>arately.  But 
8Upi>o.se  we  earth  the  L.P.  or  -  terminal  (§  134),  thus  rendering  its 
|)otential  zero,  then  the  jwtential  of  the  H.P.  or  +  terminal  becomea 
ri  volt ;  while  if  we  earth  the  H.P.  terminal  the  potential  of  the 

•  Htrictly,  the  expression  "  kind  "  of  cell  must  be  taken  to  include  the 
quality  of  the  materials  employetl  in  its  construction — i.e.,  the  purity  of 
the  plates,  and  more  i^articalarly  the  purity  and  strength  of  the  acid  or 
other  exciting  material.  Thus  the  E.M.F.  <»f  a  Daniell  cell  in  which  the 
plat«s  arc  pure  zinc  and  copi>er,  and  the  .solutionH  are  pure  zinc  sulphate 
and  pure  copper  sulphate  of  eqital  density,  is  11  volt,  and  this  is  the  kind 
of  cell  referred  to  in  defining  the  volt  in  §  13»J.  For  other  forms  of  Daniell 
the  E.M.F.  may  vary  from  about  1*05  to  1*16  volt. 


Art.  IMl]  OMMUL  9ACn  AND  muNaruML  179 


IJ*.  una  baeoniM  -  li  volt    If  we  oiftli  boik  tamiMib  tW  mil  U 
open  cirmit.  And  tlitt  «ui«  of  mtnitn  u  alu^p^iirr 

,  ti ,  , ,  ,  , 

if  w«  MMTth  Uw  UR  lenniiiAl  uf  »  cell  mmI  omhwcI  ito  liP. 
t^nniMl  to  an  iaiuhmd  M0daelor-^.|f.,  m  hnm  bUl— iJm  ktl«r 
r«Miv«  a  -f  tlietrattalie  thmrwt  (Chovgli  oMMdlaglsr  iMbW)  la 
aoeordanee  with  MmooIi  Principle ;  Imt  unlike  IIm 
oaee  in  {  Si,  the  potential  cloee  not  fall  Uurtiiic  the 
\\w  rhi'inical  action  within  the  cell  keepe  it  up  to  ita i 
t  hurt  ill  the  eaee  of  «  1  innifll  cell  the  ball  woaM  raqnira  a  f^ltirtial 
•f  1  1  volt.  In  liko  manner  if  the  H.P.  tonntnal  weie  earthed  aad 
thf  \A\  eounccteil  with  the  ball,  the  ktter  wosld  acquire  a 
rhtu-iCD  ami  a  potential  of  -  1*1  Tolt~i>.,  1*1  vok  below  the 
of  the  earth. 

laSb  DiiUnetioB  bttwata  IketromotiTe  Poree  aad  TtnaiMl 
PotantiAl-difl^eiice.  More  Complete  Theory  of  the  Voltaic 
Cell.  Application  of  Ohm'i  Law  to  the  Eztenud,  latenud,  aad 
Complete  Circuit  The  K..M.F.  of  a  evil  in  tiffined  (f  137)  «»  iu 
tomiinal  potential-diflference  (T.IM).)  tm  of>rn  circuit.  But  it  it 
t«»und  by  experiment  (f  140)  that  the  T.P.D.  on  cf^Mnf  circuit  ie 
IrM  than  the  E.M.F.,  and,  moreover,  dependa  on  the  weietance  of 
th<*  wire  ueed  to  connect  the  terminal!  beiug  low  the  leai  the  rHWl- 
auce  of  the  wire.  Now  let  na  look  into  thia  point,  and  in  ao  doii^  we 
Mhall  learn  a  Kood  deal  more  of  the  acti<m  of  the  voltaic  cell  :— 

In  $  134  we  have  leud  that  the  chemical  action  in  a  crll  pum|Mi  the 
•  ifctricity  up  the  imtential-gradient  through  the  li«|ui(l  from  the  sine 
to  the  copiier.  But  thin  wtatement  is  aomewbat  iiuulc«|UAt«%  inaemoch 
.i>  it  iixws  thf  inipreeeion  that  there  UnffradmU  up-giadient,  which 
th.  t.  i..i>..ii  to  lieKeve  ia  not  the  caee.  A  nearer  approach  to  the 
tiih  •..ii.lition  of  ihinK»  will  beffUhered  from  fig.  90l  Na  I  iepi«- 
M  iit.<«  \\\v  nil  on  o|ieu  circuit  Some  action,  into  whoae  nature  we 
ueed  not  enter,  takee  phM»  between  the  sulphuric  add  and  the 
■tmalgamated  dne,  thia  action  being  confined  to  a  vety  narrow 
I  I'fcion  lying  between  the  pUte  and  a  layer  A  E*  The  effect  is  lo 
<  HtAhlish  a  difference  of  potential  between  the  line  pkte  and  the 
li*tuid  kyer  A  B,  ao  that,  ayun  for  a  reason  into  which  we  need  not 

'  In  rmlity  the  aoHea  oeeafs  oo  both  iifles  of  the  ptele^  bat  ««  ha«« 
taken  uoly  one  for  sUapUeHy. 
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enter,  PoiBson's  Principle  does  not  apply  to  this  narrow  region.*  But 
it  applies  to  all  the  rest  of  the  circuit,  so  that  the  potential  of  the 
liquid  from  A  B  towards  and  including  the  copper  \h  the  same 
throughout,  and  there  is  no  gradient  anywhere  except  from  the  zinc 
to  the  layer  A  B,  where  there  is  steep  jump-up  equal  to  the  E.M.F. 

We  next  connect  the  plates  by  a  wire  (No.  2).  Electricity  Hows 
through  the  wire  from  H  to  I^,  which  lowers  the  ))otential  of  the 
copper.     This  establishes  a  down-gradient  from  A  B  across  the  liquid 
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towards  the  copper,  and  electric^ity  flows  tlirough  the  li«|uid  (if»wn 

this  gradient.     The  tendency  of  this  flow  is  to  lower  the  |K>teijtia]  of 

A  B  and  raise  that  of  the  zinc  plate.     But  now  chemical  action  sets 

in  between  the  zinc  and  sulphuric  acid,  the  eff'ect  of  which  is  to 

maintain  a  P.D.  between  the  zinc  and  A  B  equal   to  the   original 

K.M.F.     Thus  thnnufhf/ut  the  w/udf  actum  the  P.D.  between  tlw  ziiic 

'Hid  tfce  layer  A  B  reiwiin^  eqwd  to  tlu  E.M.F.     But  since  there  is 

now  a  down-gradient  from  A  B  through  the  li<|uid  to  the  copjK^r,  it 

is  obvious  that  the  potential  of  the  copjjcr  cannot  be  so  high  as  tliat 

of  the  Uyer  A  B ;  in  other  words,  the  T.P.D.  of  the  cell  on  cloned 

circuit  must  he  less  than  its  E.Af.F. 

'» 

'  Lett  this  shonld  look  like  a  violation  of  the  generality  of  Poiuon's 
Principle  (§  32),  it  may  be  pointed  oat  that  this  region  appears  to  be  in 
a  state  of  electric  tdrain,  ami  in  certain  respects  to  resemble  an  insulator 
rather  than  a  conductor. 


Art.  lai^l  OBIIUUL  9kCn  AflD  nUKULUL  I7A 

Following  tbe  ooufM  of  Um  coifMil  in  No.  I,  tlto  ulttUiuily  sUito 
at  A  R,  the  to|i  of  tlM  gradiant,  flows  mtqm  Um  liquid  to  Uie  coppar 
pUU)  wh«*r«  it  iM  part  of  tli«  wmy  down,  and  tbcoos  mntinim  it* 
eourae  through  the  wir«  to  the  duo  pUt«  which  is  at  Um  boCtooL 
All  this  part  of  the  drenil  is  ** daad "  (f  \M);  the  ** lit* '  part  b  tiM 
narrow  rogion  belweeo  the  tine  and  A  B,  where  the  rhwwiflil  aetkNi 
is  going  on.  As  soon  at  the  electridtj  arrires  at  the  botloM  oC  the 
gradient  (».«.,  at  the  fine)  the  eiiaiijr  oT  thb  live  portkm 
it  up  to  the  top  (i.#^  to  A  BX  whence  it  nine  down  agdn, 
on.  If  the  ctreuit  be  broken  the  ehemicnl  action  and  the 
•imaltaneooely  tlop,  and  ererything  returns  to  the  condition  of 
Na  1. 

The  internal  resistance  of  the  cell  is  that  of  the  li(|nid  betwesn  A  B 
and  the  copper  plate,  and  the  external  reaielance  is  that  of  the  wire : 
theee  tc«etlier  make  np  the  total  udetanw,  and  it  b  this  wUeh  the 
current  has  to  oTeroome  in  the  course  of  its  flow  fmm  the  top  to 
the  bottom  of  the  gradient* 

Whnt  may  he  called  the  ''driving  influcnre**  for  the  eomyieU 
circuit  \*  the  P.D.  between  A  H  siid  the  zinc-  •*,#•.,  the  E.II.P.— and 
thift  has  to  overcome  the  Inial  renititsnce ;  the  driving  influence  for 
the  rxUmtU  eirmit  idone  i«  the  T.IM).,  which  hiut  to  oreroome  the 
external  rutistance ;  and  the  driving  influence  for  the  inirrmtl  cirroit 
alone  is  the  IM).  between  A  B  and  the  copper  phOe  i.f,  (§  136}  the 
poUntiai  drop  ttcrou  tkr  cril ;  this  w  usuidly  termed  the  intermai 
dr^ft,  and  is  obviously  the  excees  of  the  E.M.P.  over  the  T.F.D. 
Klectrical  engineer*  frequently  speak  of  the  internal  drop  as  the 

lodt  volta,"  from  the  fact  that  they  are  spent  in  driving  the 
current  against  tbe  internal  resistance  and  are  not  avaikble  for 
external  work. 

Let  us  now,  bearing  in  mind  ($  134)  that  the  current  b  the  tame 
throughout  the  entire  circuit,  apply  Ohm's  law  to  iu  different  |Mrt-« : 
The  P.D.  of  the  extremities  of  the  eompteU  circuit  is  the  K  M  V 
hence  by  equation  8,  {  ISO,  we  have— 


^^'"^^*"  total  KtglrtMW  CI). 

'  The  reslstaBoe  of  the  aanow  rsgioa  between  the  sloe  A  B 
bo  mil ;  anyway,  it  Is  oieieoBie  by  the  nhsmlosl  aeUon  aad  lies 
beyood  the  range  of  oar  eaqalries. 
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AKaiii  tlu'  V.\).  of  the  extreiniticH  of   the   rxtrmal   circuit  in  the 
T.IM).  ;  hence  by  the  winie  (Mpiation  we  have  - 

C»"*"' -  ExterJa^fitance    '  <''>• 

lastly,  the  P.D.  of  the  extremities  of  the  internal  circuit  is  the 
internal  drop  ;  hence  in  the  same  way  wr  lin\<'— 

/s,**o«^  Internal  Drop  .„. 

^"•"^^  -  Internal  Resistance    '    '        ^'^^• 
'uhich  may  also  he  conveniently  written 

Internal  Drop  =  Current  x  Internal  Resistance  (4). 
The  two  latter  results  are  clearly  i»articular  causes  of  (:i)  and  (4),  J  \',Hi. 
If    E   denote   the  E.M.F.,   V  the  T.P.D.,  C  the  current,  B  the 
internal  resistance,  and  R  the  external,  the  al)ove  four  e^iuations  may 
he  written  in  algebraic  forms,  resj>ectively  as  follows : — 

C  =  3^    .    .    .    (la). 
C  =  J (2a). 

C  =  ^^-^    .    .    .    (3a). 

E  -  V  -  BC     ....    (4a). 

It  is  now  ea.sy  to  .see  why  the  T.P.l).  of  a  given  cell  l>ccomos  le.ss  as 
the  external  resistance  is  diminished.  For  as  the  external  resistance 
decrea.ses  so  of  course  does  the  total,  and  since  the  RM.F.  remains 
unchanged,  equation  (1)  tells  us  that  the  current  increases  ;  then,  since 
the  internal  resistance  remains  unaltered,  e<juation  (4)  tells  us  that 
the  internal  drop  increase-s,  or  in  other  words  the  T.P.D.  decreaAes. 
In  the  extreme  ca-se  where  the  current  is  on  short  circuit  the  T.P.D. 
is  practically  ni7. 

All  the  results  of  this  article  are  of  jrreat  service  in  Electro- 
dynamics. 

Example  :— A  battery,  whoso  K.M.K.  is  12  volts  jtnd  resistance  «i  ohms, 
ha8  its  terminabi  joined  by  a  wire  of  resistance  9  ohms.  Find  the  current, 
and  also  the  I'.D.  of  the  terminals. 

To  find  the  current  we  apply  equation  (la).     We  have  B — 12,  B — 6,  R  - 9 ; 
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N«atiUiftiKltlMiT.I*.D..»««p|ilr«qMtl(Mi(lftX    RaMoUafllM 
MM*  Qf  llM  wItoumI  V  Uw  rpqalrod  T.P.D.,  w 

K     U 
Bal  w«  bAW  jttai  fimod  O  m* 


▼•7-tvoll*. 

After  harliiir  fooad  Um  oarrMil,  w«  may  alio  tad  Um  T.f.D.  tmm 
•qaatioci  (4)  thw  :— 

1.I.II.I  dnn.  -  ourmii  .  UiUf..!  »ilil«ie.  .  2  »  •  .  I-S  ndU. 
ami  if  w«  now  MibUBot  ibb  drop  frDin  tb«  R.M.r.  w«  g«l  Um  T.1*.D^ 

I  i'.D. •  lt-l*fl^7-S  vi>lU,  M  ttlbra. 

h\. 

I    I  'ittertt«»o  aD«l  tbo  cwTBnt  and  T  P.P.  wIwIIm  eoMiuJ 

>noe  of  (1)  IM  obma,  (S)  S  obna. 
I  evil  b  2  voUa  and  Ita  raaiatanoa  1 
interim]  iiiup  vshcu  ilio  drcQit  to  oloaed  by  a  win  of  rarfatanea  (1)S< 
(3)  I  uhm. 

S.  In  any  cell  or  l«ttrry  fUm  thai  If  tbo  extamal  i 
are  «qaal,  ibe  intrmAl  drop  is  luUf  tba  JLU.tt, 

4.  Tb«  K.M.K.  of  a  tvttcry  U  SO  %t>lu  and  iU  raatotaaoa  15  oboM.  lu 
lemiiDalii  an*  r«innfH<tr«l  by  a  wire  of  reaiiianoe  SS  obawc  1*1114  /l>lba 
(urrent,  (2)  tin  )  the  poteatial  drop  along  ball  Ike  v  ha 

|x>t«tiii«l  at  iu  t>  III  suppoalttf  Ibe  aofativo  taroianli'!  -ty 

earthed. 

(5).  Uive  an  acoonnl  of  tbo  ili»tribotiua  of  polonllal  In  a  ooU  (1)  oB  opaa. 
(3)  un  oloaed  droolu 

B.  TbopolflBofaninMifaUwicellaivoonnecladbynwira.  Will  Ibe  atrapflb 
of  tlie  current  in  ibe  wire  be  aliered  If  one  of  lu  pole*  be  aflarwnivU 
cftnnectMl  by  another  wire  to  ibe  gaa-plpe?  Ul%«  raaaona  for  yww 
answer. 

7.  (IWM.)  The  mifltMioe  of  a  battery  la  1  obm.  and  Ibe  ouieai  lbro«irb 
a  wire  A  B.  who«e  teaiatnaee  to  A  obaa  and  wbicb  joiw  tbe  tenninato  of  Ibe 
Uttery.  to  1  ampere.  If  A  B  to  repbMed  by  another  wire  V  D.  Ibe  enrveot 
U  ^  of  an  ampere.    What  in  the  raalrtanne  of  C  D  f 

*H.  A  dyuMDO  to  employed  io  ligbl  an 
a  r.D.  of  100  volu  al  iU  tennlnnU  and  a  ovml  of  t  aapftraa.  Ilwd] 

IS 
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is  tome  distauoe  mwrnj  from  the  Ump  to  which  it  in  connect«d  by  a  pair  of 
feeders  whose  joint  resistance  is  4  ohms.  Find  the  1\D.  which  the  dynamo 
terminals  must  have  in  order  that  the  lamp  may  be  pro|)crly  lighted. 

199.  Electrodynamic  Measurements.  In  elect roHtaticM  there  are 
two  things  we  are  more  |jarticularly  culled  uiK)n  to  meaAiire  or  com- 
pare— viz.,  potmtuUs  and  charfjes  ;  the»e  measurements  we  effect  by 
the  methods  of  §  40  and  §  55  respectively. 

In  electrodynamics  there  are  two  things  we  are  more  iiarticularly 
called  ujwn  to  measure — viz.,  jtotentiod-difffrfnces  and  currents.  The 
mea-Hurement  of  resiMance  is  in  general  dei>endent  upon  these  two. 

140.  Measurmeent  of  Potential-differences  :  the  Condensing- 
Electroscope.  We  have  Meen  (§  3*;)  that  when  a  conductor  whose 
]totcntial  is  not  zero  is  connected  to  the  rod  or  cap  of  an  electroscope 
with  its  netting  earthed  the  leaves  diverge. 


Fig.  91. 

lit  HOC  it  would  apiKjar  an  easy  matter  to  iiuiicate  tlie  T.1M>.  of  a 
cell.  Thu.s,  taking  the  cell  an  oiHiii  circuit,  if  we  earth  its  negative 
terminal,  its  positive  terminal,  and  also  any  conductor  thereto  attached 
has,  as  pointed  out  in  §  137,  a  potential  e(|ual  to  the  E.M.F.  of  the 
cell ;  if  therefore  we  connect  the  po.sitive  terminal  with  the  rod  of  the 
electroscope,  the  leaves  acquire  a  iK)tential  equal  to  the  E.M.F.  of  the 
cell,  and  the  [)otential  of  the  netting  being  zero  we  shall  exf>ect 
divergence.  But  since  the  E.M.F.  of  a  cell  is  at  best  about  two 
volts,  and  the  electroscope  is  not  sufficiently  delicate  to  respond  to 
less  than  about  fifty  volts,  this  does  not  work  in  practice.  We 
therefore  need  something  further,  and  the  requirement  is  met  by  the 
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VomUnm^  £lteiirmn§m  ;  thk  w««  fin*  invMtod  by  Voha,  b«t  is  Hi 
origiiidi  fona  wUek  ii  ttiU  ratain«l  in  UMn^oritgrof  tail'lMi^ 
my  diflkwH  to  ndra  it  work  :  tht  •ntam^mmd  hm9  diwribtj  «m 
daTked  by  the  pmeot  wrifr  aoi—  ymn  ■y>  mmI  hnn  ba«i  looiidlo 
yitid  oieelkiit  remits  wMknU  tiM  leMt  trouble. 

The  erniiiKetii«nt  U  iihown  in  fij(.  91.  Tbe  eleelRMeope  A  li  IIm 
ideniicnl  inatrument  depicted  in  fig.  H,  p.  t8^  vitb  its  enp  riiuiiid. 
I  end  O  are  two  brMe  pkit«K  wbieb  thoiild  be  fnirly  tld«k,  m  iImI 
Uiey  be  nnde  and  remain  perfeetly  flat ;  tbe  loww  one  b 
an  ebonite  Mem  and  the  upper  i»  fumudied  with  a 
material  in  of  no  cooaequenee  ;  each  phite  aleo  baa  a  pair  of 
■crewa,  K  K,  I  r.  The  pjala  F  ia  piiiead  o«  Q.  wHkadmi  ^f/ntiiumif 
/»t/irr.  M  .M',  bHwtetL  One  of  the  biadiBff-flGfwwa  (E^ol  tbe  vppar 
plate  in  conneeted  by  a  eopper  wire  Y  to  liia  tanaiaal  T  of  tba  elw- 
troaeope,  tbe  otber  terminal  T  being  cottMelad  to  tlM  fM  pfoa,  ao  tiMl 
tboplatoFandtbe  netting  of  tbe  eleelroaeopa  are  bolb  wall  anrtlMd. 
One  of  the  bindingierews  (I)  of  tbe  lowvr  pkte O  ia  eoanaelad  by 
another  copper  wire  X  to  tbe  terminal  (S")  of  the  eleelmaeDpe;  in 
thin  way  any  |)oCeiitial  which  in  any  ezperimeni  may  be  eonferred 
upon  the  pUte  U  will  if  tufHcientiy  alrong  eaaae  the  leavea  to 
diverge  ($  a6X 

Now  the  two  pUtea  F  and  Q  elearly  conatiMita  a  eoademwr  ({  7t) 
of  which  the  lower  U  ia  tbe  inaobited  pkila,  the  nppar  F  the  earth 
pkte,  and  the  paper  the  dieleetrie* ;  aln  ainca  the  pklai  are  vary 
cloee  together  the  capacity  of  the  condenaer  ia  coneidarahla. 

The  method  of  umng  the  inatmmant  ia  aa  foUows  >-lM  U  and  L 
(fig.  91)  be  the  high  and  low  potaatial  terminala  reapeetivaly  of  a  cell 
or  liattcr>'.'  (  onnert  L  to  the  gaapipe,  and  H  to  the  terminal  I*  of 
tbe  lower  plate  U  by  means  of  the  wire  W  ;«  then  (§  197)  this  plate 
aoqnirea  a  -h  potential  equal  to  the  E.M.F.  of  the  eell,  M4*rA  m 

*  Tbe  paper  ia  of  cootm  but  an  indiffarani  ioMtalor.balaatlM  oondeanr 
only  goiag  to  be  obarged  to  a  weak  potential  tbk  doe*  net  amUar. 

•  In  practtoe,  aalea  the  elednwoopo  be  very  delleale  and  gfMt  eare  be 
ken.  enierimenu  with  a  aimmlt  ceU  are  tonetiBMe  dimppelatlng.  bat  by 


taken,  experimenU  with  a  simfit 

three  or  foar  eenneeted  tagetber  ao  ae  to  forai  a  eeriee-battefy 


(^  Iftl  \.  rxi^lleat  iwalla  nay  be  aaaand.    For  vary  aoeamle  wetfc  with  a 

Hin  -  -  -  - 


in^l'  '1  Kelvia*a  Qoadnuit  Klaci 

iivit*  .»■  •  •odeoaiag  llectroacopa. 

"  The  augrmm  sbowa  the  nest  stage  of  the  espariawt 
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itut^fieimi  to  aject  the  eUetromsope  :  bo  far,  however,  the  niani)iulatioii 
IH  incomplete.  Now,  not  only  has  the  plate  O  a('<|uired  a  +  ]K)tential, 
but  al.H<)  (§  137)  a  +  electrostatic  charge,  and  our  next  Htep  in  to  (h's- 
eunnect  the  wire  W from  the  terminal  /*,  bo  as  to  prevent  this  charge 
lieing  Hul>He<iuently  lost  Finally  comes  the  main  feature  of  the 
experiment ;  we  lift  offtJie  etirth-jtlate  F  m  that  (»  ceaseH  to  be  jwrt 
of  a  condenser  at  all,  and  l>ecome8  a  mere  isolated  plate  of  vastly 
smaller  capacity  than  when  in  presence  of  the  earth-plate.  But  the 
charge  on  (t  still  remains,  and  therefore  its  jyotential  is  gi'eatly 
increased  :  accordingly  (m  soon  as  the  earth-fdnte  is  lifted  the  leaves  of 
tiie  electroscojte  divei'ge. 

If  we  had  dispensed  with  the  earth-plate  from  the  beginning,  the 
plate  G  would  still  have  acquired  a  potential  equal  to  the  E.M.F.  of 
the  cell,  but  on  account  of  its  much  smaller  cai.acity  would  have 
taken  a  much  smaller  charge  ;  the  object  of  the  arrangement  is,  in  fact, 
to  make  the  i)late  G  draw  a  fairly  big  charge  at  the  weak  fiotential 
furnished  by  the  cell,  and  then  by  lifting  the  earth-plate  cause  that 
cliarge  to  develop  a  much  stronger  potential. 

If,  after  the  earth-plate  has  been  lifted,  we  hold  over  the  electro- 
scope a  metal  ball  which  has  been  beaten  with  india-rubber  the  leaves 
are  found  to  diverge  vime^  thus  jmnmuj  (cf.  §  30)  the  charge  on  the 
plate  G  to  have  been  +  and  therefore  by  Poisson's  Principle  the 
potential  of  H  to  have  been  also  +. 

If  we  reverse  the  exjieriment  by  connecting  H  to  the  gaspipe  and 
L  to  the  terminal  I',  we  get  the  same  effects,  except  that  now  the 
divergence  is  increa.sed  by  holding  over  the  electroscoiKi  a  metal  ball 
beaten  withfur^  thus  showing  the  charge  on  G  and  the  potential  of 
L  to  be  - . 

Hitherto  we  have  supposed  the  cell  to  be  on  oi»en  circuit  But  it 
works  in  the  same  way  on  closed  circuit,  except  that  the  divergence  of 
the  leaves  is  not  .so  great  ;  also  the  divergence  is  less  the  less  the 
resistance  of  the  wire  used  to  connect  H  and  L :  this  affords  direct 
exi)erimental  proof  of  what  was  said  in  §  138  respecting  T.P.D.  and 
E.M.F. 

We  may  also  employ  the  method  to  prove  the  statement  in  §  137— 
viz.,  that  the.  E.M.F.  depends  simply  upon  the  kind  of  cell,  and  not 
upon  its  size,  etc.  For  this  purpose  we  take  several  cells,  all  of  the 
same  kind,  but  differing  in  other  respects.  Taking  first  one  of  them, 
we  connect  its  terminals  (on  open  circuit)  with  the  earth  and  cpi\- 


Art  141  '  nmuUL  rMTK  aKU  fftUfOIPUW.  ••"* 

<ieuMr»,  <v»  III  fig.  91 ;  Mid  on  UfUiif  tba  aMtb-pliil*  w«  oUajh  « 
i*iirteiii  divergnies.    We  then  do  the  mmo  in  ■npwinn  vitli  Um 

.   lMn\fA\  c«lU  for  onnpk   givaa  iIm  mm  dii 
u«   hoUUng  only  «  quarler  of  a  pint,  and  thewfoiB  Imb  tiM 
I.  \l  K. 

it  niay  Iw  noCrd  that  in  all  imwiae«in  witli  the 
«i)ectmiico|H<  it  in  wry  lumal  in  pmellet  to  omit  ikf  jM»/nff 
r^mmejnomM^  ami  luorely  run  a  wire  direct  frooi  tiM  Mttinf  or  anrUl- 
|iUt«  to  tlie  tamiiiial  of  the  coU  tlmt  otkerwias  wonid  iro  to  the  pm' 
pi|ie  ;  thtu,  in  fig.  »l,  a  wire  would  eonimet  L  to  T  or  K* :  tbr  action 


liL  Menfnremait  of  CinvAto :  Um  Taacttit  Qftii 
To  menaun-  iitrniiu  we  employ  an  inatnnnent  called  a : 
Tbere  are  many  fomni  of  galvanometer,  Imt  they  all  depend  upon 
the  mme  principle— Wt^  that  when  a  cummt  Howk  along  a  wire  near 
to  or  encircling  a  magnetic 
needk),  it  in  general  thJIrtiM  ike 
nefdie,  ThiH  fact,  which  in  of 
very  great  iiii|MirtaiKv  in  el«c-  ^ 
trodynaniicK,  may  bi*  shown 
fay  the  contrivance  in  fig.  \>t^ 
which  ia  a  aimple  form  of  the 
particular  kind  of  galvanometer 
known  as  a  lamgeni  galvano- 
meter. ABA'B'isahoriaontal 
gradoated  circle  of  braes  or  itiff 
cardboard ;  and  on  a  pivot  P,       '  ne.  «. 

nt  its  centre,  is  balanced  a 
compass  needle.  C  D  E  D' CT  is  a  vertical  hoop  of  utout  copper  wire, 
and  the  nros  of  the  gradoated  circle  are  in  the  phuie  of  this  hoop.  The 
whole  is  fixed  on  wooden  enpporta,  as  shown.  The  ends  C,  C,  of  the 
hoop  enter  the  supportu,  and  are  prolonged  beneath  the  woodwork 
to  binding-screws  T,  T,  into  which  they  ere  permeoently  eoldered, 
while  the  upper  parU  of  T,  T.  stand  above  the  wooden  hese  in 
whieh  they  are  firmly  screwed.  The  instmment  is  set  on  the  table* 
and  turnvil  until  the  needle  n  «  points  to  the  aero ;  we  then  know 
that  til.  I..-.,.  ('  I»  V  }Y  c  is  in  the  magnetic  meridian      V«'*  ron- 
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nect  the  ierminaU  T,  T,  to  the  H.P.  and  L.P.  poles  of  a  voltaic 
cell.  This  doses  the  circuit ;  a  current  Aowh  round  the  hoop  in  tho 
direction  of  the  arrows,  the  needle  becomes  deflected,  and  (after  a 
ffw  swings)  comes  to  rest  in  a  new  poHition,  n'  «'.  The  alible  n  P  n 
l>etween  its  old  and  new  position  is  called  its  deflrvtum,  and  can  he 
read  off  on  the  graduated  circle.  The  needle  i.s  now  uiuhr  influences 
analogous  to  those  in  fig.  78,  p.  143;  an  we  shall  see  in  Chap.  IV., 
the  current  produces  a  magnetic  field  which  tends  to  make  the 
N.  pole  of  the  needle  ixjint  (magnetic)  east,'  while  the  earth's  field 
tends  to  make  it  )K)int  north,  and  it  takes  up  a  position  in  which 
the  forces  on  it  due  to  the  two  fields  bilance  one  another.  Moreover, 
the  stronger  the  current  the  greater  will  he  the  force  due  tx)  its  field, 
and  the  greater  will  l)e  the  deflection,  so  that  the  magnitude  of  the 
latter  gives  us  an  estimate  of  the  strength  of  the  former.  If  the 
current  were  enormou.sly  strong  the  deflection  would  !>*■  very  nearly 
90°,  but  it  is  never  pos.sible  to  make  it  exactly  90\ 

The  instrument  in  fig.  92  is  called  a  uiufle-coU  gaiiHmf»meier^ 
because  the  hoop  consists  of  one  turn  only.  Such  an  instrument  is 
not  much  good  for  very  weak  currents,  say  less  than  about  \  am|)^re, 
and  for  these  a  mvltijile-coil  (jalvanrmieter  is  employed.  In  the 
latter  instrument  we  use  iiundated  copper  wire— that  i.-,  wire  covered 
with  silk,  cotton,  gutta-j)ercha,  or  some  insulating  material — and  the 
hoop  con.sists  of  a  number  of  turns  wound  close  together  in  the  form 
of  a  flat  spiral.  If  n  denote  the  number  of  turn.s,  the  current  entering 
at  T  will  pass  up  to  C  and  thence  travel  n  times  round  the  hoop 
before  emerging  along  the  route  C  F'  T'.  The  eflfect  is  to  multiply 
the  strength  of  the  magnetic  field  due  to  the  current  by  n,  without 
of  course  altering  the  earth's  field,  so  that  for  a  given  current  the 
deflection  is  greater  than  with  a  single  coil,  and  tlie  greater  n  is 
the  greater  is  the  deflection.  In  this  way,  by  using  a  few  dozen  coils, 
currents  down  to  about  -^  am)>ere  can  be  readily  recognised. 

In  the  instrument  shown  in  fig.  92  the  needle  is  long  ;  for 
elementary  jmriK)ses,  where  we  merely  wish  to  see  which  of  the  two 
currents  is  the  stronger,  this  does  not  matter,  but  when  the  galva* 
nometer  is  required  for  the  iucurate  nieasureiimit  of  a  current  the 

'  It  will  be  east  as  the  figure  is  drawn  ;  if  the  corrent  went  the  opposite 
way  round  the  hoop  it  would  be  west.  This  will  receive  detailed  study  in 
Chapter  V.,  but  meanwhile  it  should  be  noted  that  with  a  given  instrument 
reversing  the  current  re\er8eK  the  deflection  of  the  needle. 


Art.l«l.) 


omnuL  rAOTi  Aim 


lai 


needle  mtuit  be  very  abort    Tbe  btil 
iiumIi'  in  thU  wmy,  aod  tbe  needle  bM  0jwd  to  U  a  Uglil  «li 
lioioter  wbicb  roM  over  tbe  ec«K  and  by  mmm  of  wbicb  tbo 
(leAeetiowi  nre  rand. 

The  tmntttd  gUvMWutar  dwivai  Ha  mum  froM  tW  fart  that, 
with  a  givaa  imtnuDeot^  *tba  ewvant  it  iwoportionai  to  tbe 
'  tanfHit "  of  tbe  angio  of  deiaction  aa  deined  in  Trijronnnwtfy ; 
(•mvided,  bowevw,  tbia  aagla  ba  fairly  otmU  it  in  very  nearly 
l»n»|iortioiiid  to  tbe  angle  itJielf— tbtis  a  ctirreni  giving  *  ddlaetion  of 
l.v  »!!%>'  Iw  uken  an  tbrrr  timeii  a»  etmng  aa  one  givii« a 

of   ft-. 


lani:— I.  Ifa  currrniorhairaaaBpAfedeieetoacvrlala 
fpUvaaonetrr  Sir,  what  will  \m  tlt«  aieogtk  of  tte 

3.  (iwne.)  The  degeeHoa  of  a  gdvaaoMeler  b  ICT 
tUrvMnly  ton  mimII  thmiell  oelL  Wlvaa  long  eo<l  of  floe  vire  b  pbeed 
In  Uie  rin-uit.  thr  ilellMiloo  falU  to  3".  CooipBrB  the  rta4Maoee  of  llw  eoll 
with  that  of  Ihe  rest  of  tbe  ciraoit,  M»aaiii«  that  the  defleelioo  b 
l>roporiiunal  to  tlie  cttrreot. 

148.  High  and  Low  BiglglMMt  Oftlvanometer.  In  tbe  tangrat 
gal^-anometer  th<>  n«t'dlo  tum«  koriaontally,  bnt  for 
one  in  wbicb  it  tunut  wrtically 
is  to  be  preferred.  A  very  con- 
venient form  of  vertical  galvano- 
meter (or  ratber  galvanoaoope) 
U  abown  in  fig.  »&  £  Q  F  U 
ia  a  boriiontal  wooden  baae 
wherein  \h  a  alot,  C  I),  about 
I  inch  wide,  and  in  thiit  awinga 
a  ratber  heavy  magnetic  needle, 
•I  t,  about  a  boriaontal  azia, 
K ;  the  needle  therefore  tnma 
in  a  vertical  pbuM.  Attached 
to  tbe  needle  ia  an  alimiinitmi 
pointer,  P,  wbicb  nma  over  a 
gmduated  aoale.  Tbe  axia  K  i*  a  trifle  above  tb«*  oMiin  i»f 
gravity  of  tbe  needle  ao  that  tbe  weight  of  tlw  kUUr  ptactjodly 


na.«. 
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countemcto  the  force  of  the  earth's  inagneti»tn,  and  when  no  other 
iiiHgnetic  influence  Ih  prcnent  it  j*etH  horizontally,  with  the  iKiinter  1* 
at  the  rero  of  the  Hcale.  The  ItfUie  E  (i  J'  H  constitutCH  the  top 
uf  a  Ijobhin,  E  E'  F  F',  round  which  are  wound  two  nejKtraU  ctnln 
of  inMulatod  copper  wire  ;  one  of  these  in  fairly  stout,  and  of  only 
a  few  turns,  a<i  that  it,s  re.sistiince  in  low  ;  the  other  is  fine  and  of 
many  turns — its  resistance  is  therefore  hi^h  :  these  wires  are  not 
seen  in  the  fiKure.  The  instrument  is  furnished  with  a  switch- 
liandle,  X,  working  on  a  button,  H,  and  which  cau  Ik?  turned  so  as  to 
make  contact  with  either  of  thebuttcms,  H  or  L,  as  re<|uired,  and  the 
windings  are  so  arranged  that  when  the  switch  is  on  L,  as  in  the 
figure,  the  low-resistance  coil  only  is  in  circuit,  while  when  on  H  the 
high-resistance  coil  only  is  in  circuit ;  we  have  thus  a  high  an<l  low 
n«ist4UMM)  galvanometer  in  one  instrument,  which  for  many  pur|M)ses 
is  a  grt^t  advantage. 

Sup|)ose  now,  the  switch  l)eing  on  cither  of  the  Imttons  H  or  L, 
the  terminals  T,  T',  an*  connwrted  with  the  |K)les  of  a  ct'll  or  battery  : 
the  c\UTent  will  How  round  one  of  the  coils  and  deflect  the  needle, 
thus  crausing  the  ]M>inter  to  tmvel  over  the  scale.  The  nm(»unt  of 
dertet^tion  will  in  any  case  l)e  such  that  the  turning  effect  <lue  to 
the  weight  of  the  needle  in  its  displaced  i>osition  just  balances 
that  due  to  the  current.  For  a  given  mw  of  ttw  coilny  say  the 
low -resistance  one,  the  stronger  the  current  the  greater  is  the 
deflection.' 

This  instrument  is  very  convenient,  but  no  vertical  gjilvanometer 
can  be  made  .so  delicate  as  a  horizontal  one  on  account  of  the  much 
greater  friction  on  the  pivot. 

143.  Important  Experiment  on  E.M.F.,  Current,  and  Resist- 
ance. Take  any  two  cells  of  the  same  kind,  say  two  DanieH's,  one 
small,  and  one  very  large.  Connect  the  terminals  of  the  .small  one 
to  those  of  a  multiple  coil  tangent  galvanometer,  and  notice  the 
deflection.  Then  detach  and  do  the  same  with  the  big  one.  The 
deflection  in  the  latter  case  will  be  greater,  showing  that  we  have 
a  greater  current.  But  by  §  140  the  E.M.F.  of  the  two  cells  is  the 
same.     Hence,  by  Ohm's  law  (equation  1,  §  138)  the  total  resistance 

•  We  cannot  immediately  judge  of  the  relative  strengths  of  two  currents 
one  of  which  pa8.<<e8  through  one  cr»il  and  one  through  the  other,  nor  indeed 
do  we  require  to. 


Art.  lit.]  AKHBftAL  fkCfm  AMD  nUIIOIPUft.  W 


liiiut  be  leM  when  Um  big  c«U  b  umiL    But  the  aHariMl  f«giiUi*«.c 
II.,  thAl  of  Um  ipUvaaomelar    b  Um  mom  in  bolli  omm,  bMBOM  it 
H  the Min« idratkml inMntniMt    H«m»,  U*  iwiiimeii^l/UAy eitf 
^tmlhfUmiUmlAtUo/tktmuMome.    VJldtk  pmf—  i|ieriMwHiHy 

wlmt  whm  anniMl  out  on  tliooreCkml  ffnmmU  in  f  13ft. 

KxKlMlitic:  Yoa  aro  MipplM  with  twu  wirw,  mmI  mv  i««|iriiwt  to 
«l«««nnine  which  of  thMB   hM  the  gwmUnr  iwIiImw*;   Immt  otiU  ytm 

|ifooe0flf 

SUMMARY  OK  MOKT  IMINmTAST   rOINTK   l.M  rHAiTER  1. 

1.  Ctiriiiloal  anion  uf  ftllati*  iiolphnri«  aeM  on  nM^llle  dor  (f  las). 

S.  The  Blmple  vuluic  cell  (f  ISS). 

S.  Hie  cnnrnt  of  a  vuluic  rrll  U  uf  the  lie  stivnfth  at  all  pirts  of  llw 
oirrult,  external  and  Intrraal.  but  iba  potential  i«  not.  Um  top  of  th» 
potential  grmdirnt  U  at  a  layer.  A  R  (fi|r.  9i\  So.  It.  >rrv  near  tW.rfnr 
plate  and  the  Uiiinm  of  the  tinr  plate  itiielf:   ih«  toarc  of  It* 

uwn  acconl  tluwn  the  trmdient  fmm  A  H  arrriM  th<  .-  .  lu  the  copper 
plate,  ami  thenre  thn>ufrh  the  wire  to  the  tinr,  wheftce  it  la  paniperi  np 
affain  to  tlie  top,  A  R.  by  tite  chemical  action  of  the  cell  (ff  IS4.  ISN). 

4.  The  R.M.K..  of  a  cell  or  battery  ia  deane<l  to  be  the  IM)  of  It*  tenalnaU 
tm  0yem  HrrmU  :  It  depanda  almply  npoo  the  kktd  of  coll.  Rat  the  lolefnal 
re<iii4«nce  depends  in  nddltioa  npon  tbo  tim^  ate,,  of  tiM  ooll.  Tlw  T.F.U. 
of  a  oeU  on  rUmed  oiitnlt  la  WttiMMi  lla  B.M.r.(||  137.  118.  IIS). 

ft.  OhmV  Uw  (I)  in  the  jwioinl  fona  (f  1M>.  applloablo  to  any  Amd 
ritcnW  :  (8)  in  the  upeclallaod  Ibmi  (f  ISHX  apptfonbb  to  eelb  and  la|. 
terioi.     l*otenUjU  Drop  (H  IM.  IVI)-     The  I'elt,  Okm^  nad  AmpfM  (|  IMX 

«.  Tba  ivlatniioa  of  a  wira  depoada  npoa  lla  ■atwtal.  loagtb,  aad  Ikiefc* 
n«a.  For  wirM  of  the  aaaw  aiUarial  tbo  larialinpa  la  piopoftlwal  dUmti$ 
to  the  length,  and  tnorra»fy  to  tbo  aacitional  araa.  Ooppar  la  tbo  bail  oon* 
ciuctor  for  praotkal  aaa,  on  acoooat  of  iu  low  apaelAo  raafataacii  (f  116). 

7.  The  Ooodanring  Kleotioaoope  and  the  explanation  of  Ito  notion.  How 
to  naa  It  to  prore  (i)  that  tbe  potential  of  the  londaal  oooiAooly  eallad 
pudtive  really  is  higher  than  that  of  tbe  one  oaOed  aagetive :  (li)  that  tbe 
T.IM>.  uf  a  cell  on  a  eloaad  oboaU  ia  lean  tbaa  ita  KJI.F. ;  (Ui)  thai  tbe 
B.M.r.  uf  a  oell  U  indap«ktool  of  lla  siat,  etc  (§  140). 

M.  OalraaoaMten  and  QalnuMMoopaa ;  tbeir  miatiaHiiia  aa 
of  action  (H  141.  IM). 

9.  Bow  to  provo  oxparlmealally  that  tbe  laalilaBW  of  a  coU 
luaiae.etc  ((  143X 


CHAin^ER  11. 
VOLTAIC  CELLS  AND   HATTEHIKS. 

144.  Defect  of  the  Simple  Cell.  Set  up  a  Riniple  cell,  connect  its 
I»olf.s  with  the  tiTiiiinjiIs  of  a  nuihipk'  coil  tangent  gjilvanonicter, 
and  note  the  deflection  of  the  needU*.  Allow  the  wh<»l«-  concern  to 
remain  a  few  minutes  :  the  deflection  will  gnuiually  Iwctune  less,  and 
after  |>erhapM  five  or  ten  minutes  will  Ik*  practically  nil.  This  clearly 
show8  a  falling  off  of  current  strength.  Now  hnik  at  the  cop)>er-plate  ; 
it  will  be  found  covered  with  miimte  bubbles  of  hydrogen.  Take  it 
out,  clean  it  well,  so  a«  to  remove  the  adhering  hydrogen,  and  put  it 
back  :  the  cell  will  now  give  a«<  good  a  current  an  at  first,  but  again 
it  will  soon  fall  off,  and  so  on. 

The  accumulation  of  hydrogen  therefore  renders  the  cell  ineflicient. 
But  how  does  the  hydrogen  act?  It  must  do  so  cither  by  increasing 
the  re^sistance  of  the  cell,  or  diminishing  its  HM.F.,  or  maybe  lK)th. 
Ixjt  us  appeal  to  experiment : — Set  up  the  condensing  electroscojie, 
take  a  freshly  pre|)ared  simple  cell  and  test  its  E.M.F.  by  the 
method  of  §  140,  noting  the  divergence  of  the  leaves.  Then  detach, 
put  the  cell  on  closed  circuit  for  a  few  minutes,  then  remove  the  wire 
connecting  the  poles,  and  again  test  with  the  condensing  elet;tro.scope. 
The  leaves  will  now  diverge  very  slightly  or  not  at  all.  The  cell  has, 
therefore,  Ifpst  niosl  of  iU  E.M.F.  Doubtless  its  resistance  has  also 
increased  at  the  same  time  owing  to  the  presence  of  the  hydrogen 
layer,  but  that  is  a  small  i>oint- the  loss  of  K.M.F.  is  the  main 
thing.  If  we  now  take  out  the  copper  plate,  clean  it  well,  refit  the 
cell,  and  again  test  by  the  electroscope,  the  E.M.F.  will  be  found 
restored. 

But  why  should  the  hydrogen  layer  destroy  or  diminish  the  RM.F. 
of  the  cell  ?    To  answer  this  completely  would  necessitate  the  j>rior 
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roiMidamtkiii  why  dim  a  call  Imv«  any  E.M.P.  al  all  t  No».  tnc 
whole  theory  of  the  aetioo  of  a  vokale  eeO  it  very  popleiiiiCi  aad 
Hcieiitiie  aothoritiei  are  hy  no  meane  agreed  thereon 
porpoee  avokUag  it  ea  mudi  as  poeirible,  hot  the  follovinf 
reeeived  view  a|ipeara  acenrate  eo  far  m  it  fotw :  -Wheiiever  tiMe 
are  immeraed  in  a  liquid  two  pUtr«  »(  dilfcrvnt  metaK  mm  ei 
which  ia  oapable  of  being  acted  on  ehemically  b>'  th«  li<|uiil  and 
the  other  in  not,  the  pktM  acquire  a  I'.D.,  m>  that  the  Mimbinatioa 
eonatitutes  a  ToHaic  cell,  and  the  fdnte  tkni  is  tteied  om  iJwnft 
rrmMiihitea  iht  L,P.  or  mgaUm  /»i«:  alio  (§  IS7)  the  value  of 
(liiM  P.I),  on  o|ien  circuit  eonetHntee  the  K.M.F.  of  the  cill.  Uiw^ 
ov(*r  the  RM.K.  depeoda  upon  the  difree  of  attackahiltty  *  of  the 
tinit  |ilnt4»«  thne  if  m  the  iteiple  eeU  we  emphqr  iron  in  the 
iJace  of  line  we  get  a  feebler  RM.F.,  beeanae  the  iron  b  lent 
attaekable.  Soppoee  now  we  employ  two  metahi  hotk  of  whieh  een 
be  attaeked  but  in  diteient  d^reee  ■.y.,  line  and  iron,-the«  the 
action  of  the  liquid  on  the  itnc  tende  to  make  the  pntentJel  of 
the  zinr  the  lower,  while  iu  action  on  the  iron  tende  lo  make  the 
|)otential  of  the  iron  the  lower,  and  cm  the  whole  there  in  a  email 
halanee  in  favour  of  the  sine  beinir  the  lower,  eo  that  the  com- 
bination oonelttutae  a  eell  of  feeble  R.M.F.  in  which  the  iron  i» 
the  H.R  terminaL  In  fact  the  iron  tntroducen  a  Ltek  K.M.F.w^AA 
■nbtiaeta  from  that  doe  to  the  nnc,  the  metmni  K.M.K.  being  the 
dilTefenee  between  the  two. 

Now  in  the  ordinary  eimple  eell,  the  hydrogen  on  the  copper  pkle 
is  in  what  U  known  in  chemietry  ae  the  **  naeeent  eUte  " '  in  whieh 
condition  it  in  fairly  attaekabie  iy  the  add,  thongh  in  a  lem  degree 
than  the  nnc  :  it  therefore  acte  very  moch  ae  an  iron  pkle  woohl  do^ 
introducing  a  back  E.M.K.  which  beeomee  more  marked  the  more 
the  hydrogen  ia  allowed  to  accumulate. 

IxnariMK!  -WliBt  U  ilir  RV  F.  of  •  crll  in  which  l»ih  pklee  art  ef 
liocr 

145.  Other  Kinde  of  CeU.  8mee*t  Cell.  Wlui.  th.  h>aroK',o 
accuiuulHtcM  t»n  the  co|>|ier,  pktiuum,  or  other  H.l'.  pUtr  t»f .»  wiiui-lc 

*  ThU  tenn  to  oonfaemdly  vagee. 

•  Thb  term  ie  applied  to  elemeaU  Jest  in  the  aet  of  beiag  tibcml«d  tnm 
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cell,  the  plates  are  said  to  become  polan$ed,M\d  the  Imck  EM.F.  thuH 
calliHl  into  play,  in  called  the  K.M.F.  of  jnflarisfitioH.  NunieroUB 
fonnn  of  cell  have  been  devitte<l  in  which  iK)larisation  i«  more  or  Ichh 
HUCceHHfully  overcome,  either  by  removing  the  hydrogen  from  the 
H.P.  plate  or  preventing  its  de)>08it  thereon.  The  HimplcHt  and  oldcHt 
of  the.se  i8  the  Stnee  Cell.  It  m  a  simple  cell  in  which  the  copper 
plate  irt  replatxHl  by  one  of  "  platinined  silver  "-  tlmt  is,  nilvcr  covere<l 
with  finely  divided  jilatinum  so  as  to  give  it  a  rough  surface ;  the 
roughness  to  some  extent  ))revents  the  hydrogen  tulhering  to  the 
plate,  but  the  action  is  not  very  satisfactory. 

It  will  be  observetl  that  in  a  Smee  cell  the  hydrogen  is  first  allowed 
to  form  on  the  plate,  and  is  then  removed  by  viechiinkiU  means.  In 
the  other  cells  which  we  sliall  now  proceed  to  consider,  the  removal 
is  effected  by  chnnical  means,  some  substance  bi>ing  used  in  the  cell 
w hich  attH<ks  the  hydrogen  and  really  prevents  its  ever  forming  on 
the  H.P.  plate  at  all.  The  substance  producing  this  effect  is  called 
the  ilejMtlitriM'r. 

In  some  f«»rms  of  cell,  notably  the  Daniell,  the  E.M.K.  rtnnains 
practically  unchanged,  even  though  the  circuit  be  kept  clost^  for 
several  hours  :  such  are  termed  coiutlant  cells.  In  (Jthers,  as  the 
chemical  action  progres-ses,  the  E.M.F.  falls  with  greater  or  K.ss 
rapidity. 

The  student  should  be  careful  not  to  confuse  l)etween  t/ie  full «// 
E.M.F.  of  a  cell  and  the  intei'iuil\  jH)tenti(U  drop  {^  138);  the  latter 
is  common  to  all  cells  and  occurs  immediately  they  begin  to  work. 
Ijooking  at  fig.  90,  No.  2,  the  internal  dro])  occurs  between  the  layer 
A  H  and  the  copi»er  or  other  corre8i)onding  plate,  and  is  the  result 
of  the  current  having  to  overcome  the  rcsi.stance  of  the  li(iuid ; 
but  the  fall  of  E.M.F.  occurs  in  the  narrow  region  between  A  B 
and  the  zinc  plate,  and  arises  from  some  modification  of  the 
chemical  action. 

146.  Grotthtis's  Hypothesis.  Now,  there  was  a  point  respecting 
the  simple  cell  left  over  in  §  133  for  future  consideration —  viz., 
Ufhj/  does  the  hydrogen  appear  oil  the  copjtei'  jtlate  ?  And  we 
shall  be  the  better  able  to  understand  the  various  other  cells  if 
we  clear  this  up.  We  shall  a^lo)>t  the  explanation  originally  given 
by  Grotthiis,  and  known  as  the  theorjf  of  alternate  conibiwUwn 
(iiul  diUHftcintitni  :— 
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In  fig.  04  eomidnr  Um  etU  frwhljr  fittad  up  aod  on  o|mo  dmrit. 
Beiwven  tlie  line  aim!  ooppw  pkiM  tbero  are  nmny  milliuai  vi 

80,H.:  let  i»  for  I  i*  y^^*  t^*  jTi  i*^  ?«  fi  ■ 
■implidiy     re|irwont  '■  ^« 

tb«w    by    aix    only,  ^  •*^ 

arimnged  •«  in  the  upper  mw.  Hrrt^  th«  Rulphiun  i  m  caaiij|n«d 
with  the  hydrogen  \\  the  itul|ihion  8  with  the  hydfogeo  f«  aad  ao 
on.  We  now  rloee  the  circuit,  and  cbemiflil  aetioii  aele  in  batwem 
the  nnc  and  Nulphurie  add  in  aoeordMiee  with  the  eqaAtioii^ 

Zn  +  H,80.  -  ZnSO,  +  H,  .  .  .  (IX 

The  lower  row  now  refirecentJi  what  b  oonoeiYed  to  occur.  Au 
iiUNu  of  junc  oottibinet  with  the  nulphion  1,  fonninf  the  group 
ZnSO*  ahown  on  the  left,  and  libeimting  the  faydrogvn  I',  itui  iAms 
kifdrogem  don  noi  appear  in  tkt  fvm  itaU ;  it  oooihineH  with  the 

aulphion  2,  forming  a  new  molecule  of  tfulphuric  acid  A*  ^\    Tliia 

liberatea  the  hydrogen  S",  which  comlnneM  with  the  »ul|ihion  3,  forming 

^^'»  <^  "^  ^"^  1^^  throughout  the  whole  atring  of  molrculw, 

until  we  come  to  the  one  a^iarent  to  the  c<}p|ier.  Here  the  hydrogm 
er,  liberated  from  it«  previouii  combination  with  the  iiulphion  6, 
finding  no  more  nulphion  to  unite*  with,  luakeM  it«  afipomuice  in  the 
free  atate  on  thv  t*op|i«r.  Thuis  in  ei|uation  1,  the  H«  on  the  right- 
hand  ^i '  '  t/w  identiotl  II ^  f>riomffimff  lo  the  //^SOt  wkiek  aiiaeka 
tke  xin  Mtfa  to  a  dijfrrrHt  molted  altof/rtker.  The  hydrogen 
ia  oonvuiieialy  uaid  to  **  tmvel "  from  the  line  to  the  copper  by 
alternate  cumbination  ami  <liiM4M>iutiun,  though  in  reality  it  doea  not 
travel  at  all. 

The  action  according  to  the  alM»v«-  vii  w  iiu*y  li«  ri»nvfi»i«»nily 
repreacnted  by  the  equation— 

Zn  +  80,H,  +  8(),H,  +  .  .  .  +  SO.Ii,  r  riO.U,  -  ZnSO.  +  U,SO,  4 
H.  .  .  .  80,  +  n^\  +  H,  .  .  .  («). 

It  mi^  be  mentioned  in  direct  experimental  anpport  ci  UrotthiU'i* 
theory,  that  if  while  the  cell  ia  working,  a  copper  or  phuinum  pUte 
not  conoecied  with  either  of  the  cell-phOea  be  pat  anywhere  between 
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them,  the  aide  of  it  facing;;  the  zinc  becomeH  covered  with  bubbles  of 
hydrogen. 

147.  The  Chromic  Acid  Cell.  The  usual  form  <>f  this  cell  is 
8howii  ill  t\n.  9o.  It  consihtH  of  a  iiluss  l>ottlc  fittwl  with  a  wooden 
or  ebonite  vA\i ;  attaclud  to  the  under  surface  of  the 
cap  is  a  strip  of  l»ra,ss,  to  which  are  cemented  two 
parallel  ])latc8  of  ga«  coke,  and  one  of  the  tenninalu, 
<u,  is  connected  with  the  brass,  so  that  it  constitutes 
the  H.P.  pole  of  the  cell.  Through  the  centre  of  the 
cap  is  a  brass  tube  intvlated  fnmi  the  jtlatr  Iteneath^ 
and  in  this  slides  a  brass  rod  carrying  at  the  bottom 
an  amalgamated  zinc  plate  :  the  terminal  h  is  con- 
nected by  a  brass  strip  alx)ve  the  cap  to  the  tube, 
and  thus  constitutes  the  L.P.  jwle  of  the  cell,  'i'he 
liquid  employed  is  a  mixture  of  dilute  sulphuric  acid 
and  chromic  acid,  the  latter  being  the  depolariser; 
and  since  this  mixture  attacks  the  zinc  even  in  open 
circuit,  the  zinc  plate  is  drawn  up  by  means  of  the 
sliding  rod  when  the  cell  is  not  in  use. 
The  main  action  of  the  cell  is  the  same  a«  in  the 
The  depolarising  action  consists  in  the  chromic  acid 
attacking  the  hydrogen  which  would  otherwise  appear  on  the  carbon 
plate  according  to  the  equation — 


simple  cell. 


3H,     + 
Hjrdnjgen. 


2H,CrO, 

Chrutiiic  Acid. 


=     Cr/),     -f 

Cbnimic  Oxide. 


5H,0 

WaUr. 


Thus  no  free  hydrogen  a])[»ears ;  it  simply  forms  water  along  with 
the  hydrogen  belonging  to  the  chromic  acid.  The  chromic  oxide 
dissolves  in  the  excess  of  sulphuric  acid  present  according  to  the 
equation— 

CrA     +     3H,SO,     =     Cr^SO,),    +     3H,C) 

Chromic  Oxide.     ISnlpbiiric  Acid.     Chnniiic  Hulpbate.  Water. 

Chromic  sulphate  is  green,  while  chromic  acid  is  red.  A.^  the 
inat^^rials  become  u.Hed  up  the  colour  of  the  liquid  changes  from  red 
to  brown,  and  from  brown  to  green,  by  which  time  it  is  useless. 

The  chromic  acid  cell  is  a  modern  im])rovement  on  the  old 
bichromate  or  Poggendorf  cell.  In  the  latter,  )>otassium  bichromate 
was  used  in  place  of  chromic  acid,  and  chrome  alum  was  formed  as 
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i  •  'i«*i  (iMtead  of  dmmiiiuii  mlplMa^X  wUdi  cryKiHind 

ou  t)  iocl  fllMked  Umib  vp. 

A  rt^purod  dutmie  add  esU  hM  mi  E.M.P.   oT    about 

'  the  circuit  and  tboa  wUcfaif  tlM  «aU  work,  itn 
'  ^  value  ffir  a  abort  time,  mmI  tliMi  bagiaa  to  run 

ilowii.  Aft«r  luting  a  few  tiroaa,  the  cbromie  acid  beoomei  pertly 
eibauat«(l,  and  in  general  tbo  cell  oannoC  be  relied  on  for  mora  tben 
about  17  volt,  and  that  ia  liable  to  fluctuataon.  8iae  for  liM,  ila 
internal  reaintanoe  '%»  low  comfwred  with  a  food  nmmf  other  eella : 
and  aa  very  little  trouble  iM  involved  in  ita  oaa^  tl  ia  a  gient  favoorite 
in  laboratoriea  and  leetnre-rooma  when  a  fairly  atrong  carrent  ie 
needed  for  only  a  minute  or  ao  at  a  time. 


4,^ 


148.  Daniell't  OelL  Tlie  form  of  thia  cell  moat  eommooly 
with  JM  nhown  in  fig.  90.  It  eooaiata  ol  a  cyUndrieal  eopper  pot 
in  which  in  a  conoentmted  eolation  of  eopper  anlphate. 
In  thia  atanda  a  |iorD«i  pot  —i^.,  a  pc4  of  nnglaaed 
earthenware  throiigfa  which  liquidn  can  alowly  ditfoar. 
In  the  porotta  pot  ia  dilnte  »ul|ihuric  add,  and  in 
thiit  a  rod  of  amalgamated  zinc  Mupported  by 
wooden  lid  which  reatu  on  the  pot  Bindingacrewa 
are  attachc<l  to  the  line  rod  and  copfier  |iot,  and 
coniftitute  the  UT.  and  H.I*.  fiolcM  of  the  cell  re- 
H|iectively.  Hetween  the  two  pota  and  near  the  top 
irt  a  perforated  ledge,  on  which  reat  cryatala  of  copper 
Hulphate  ;  theae  are  covered  by  the  oopper«i]phiite  rig.  ml 
Molution,  and  aa  the  latter  beoomea  wenlraned  by  the 
action  of  the  cell  they  diaaolve,  thna  keeping  the  aolnttoo 
t rated.  The  main  action  conaiata  (aa  in  the  aimple  cell)  in  the 
iilphuric  acid  attacking  the  line  according  to  the  equation— 

Zn     4-     H,.SO.     -     ZnSl),     +     H,       (IX 
The  H,  "travehi"  by  alternate  conibiiuition  and  dinaociation  ($  146) 
a.H  fur  H/4  the  |H>rt>iiH  |iot,  where  it  encountem  eopper  anlphate.    The 
foUowiuK  lu'tion  here  taken  place  : — 

H,     -h    C'uKO,    -     H,SO,.    +     Cu       (iX 

The  copper  thiiii  liberated  now  **trHveU'*  in  like  manner  through 
the  CoSO,  eolation  until  it  meeto  the  copper  pot,  on  which  it 
depodta  itaeU:    The  reaalt  ia  that  after  the  ceU  hat  worked 
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time  the  inner  surface  of  the  copper  pot  becomes  coated  with  a  dull 
red  layer  of  finely  divided  Imt  firmly  julherent  coi)])er.  Hut  fw 
frtt  hydrwjfn  makft  its  appffitnncf  anjfwlin'e.  The  depohiriHer  is 
manifeiitly  the  copper  sulphate,  and  the  dei)olariHing  action  is  the 
action  (2)  which  occurs  at  the  porous  jiot,  and  consists  in  the 
substitution  of  copper  for  hydrogen. 

Taking  equations  (1)  and  (2)  together,  it  will  be  seen  that  the  totul 
action  in  a  Daniell  cell  consist*  in  the  replacement  of  Zn  ])y  Cu 
according  to  the  equation — 

Zn     +     CuSO,     =     ZnSO,     +     Cu  .  .  .  (.3), 

Zinc      Ooiiper-fltilphMte.      Zinc-cnlpbiite.        Oopjter. 

the  H^O,  playing  on  the  whole  no  j>art  whatever.  The  practical 
U))shot  of  this  is  that  we  may  do  away  with  the  latter,  and  in  its 
place  employ  a  solution  of  zinc-sulphate  in  the  jK)rous  iK)t ;  this  is 
frequently  done,  and  has  the  advantage  that  there  is  no  danger  of 
the  zinc  l>eing  eaten  away  when  the  cell  is  not  in  use.  As  previously 
lK)inted  out  (§§  136,  137)  the  E.M.F.  of  a  Daniell  cell  is  alx)Ut 
11  volt,  and  remains  remarkably  constant,  even  though  the  cell  l>e 
kept  in  use  a  long  time  ;  this  is  especially  true  of  the  zinc  sulphate 
form.  Taken  size  for  size  its  resistance  is  high  compared  with  that 
of  most  other  cells  ;  a  pint  size  lias  a  resistance 
of  about  3  ohms,  while  that  of  a  pint  chromic- 
acid  cell  is  only  about  \  ohm.  But,  like  its 
E.M.F.,  it  remains  practically  constant  while 
working,  so  that  it  is  the  best  cell  we  have  for 
producing  steady  currents  of  no  great  strength. 
A  specially  constructe<l  form  is  largely  used  in 
connexion  with  the  Post  Ottice  Telegraphs. 

The  Daniell  cell  is  an  example  of  "  two-fluid  " 
cells— tliat  is,  cells  wherein  two  liquids  arc 
enqOoyed,  separated  by  a  porous  |>artition. 
The  simple  and  chromic-acid  cells,  on  the  other 
hand,  are  "one-fluid  "  cells. 


149.  Grove's  Cell.    This  is  shown  in  fig.  97. 

It  consists  of  a  stoneware  jar  containing  dilute 

Fi«.  PT.  sulphuric  acid,  wherein  is  placed  a  bent  plate 

of  amalgamated  zinc,  ZZ.     In  the  bend  rests 

a  porous  pot  containing  strong  nitric  acid,  and  in  this  is  a  platinum 
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l»Ut«,  p.  The  Utter  in  Mi|*porlad  by  s  nirip  of  wood'  (not  alMyvoX 
iiMi  U  fixed  AS^iiyit  it  by  a  bindings  hich  con«titut«i  tftit 

11  r.  pole.    The  KV.  pole  b  a  itmil<*'  ,    attju:lied  to  tiM  itML 

riio  main  action  U  the  laine  m  in  the  ptwvding  cellt.  The  hydrpfM 
"tmveU,**  M  in  (  146,  m  far  as  the  porous  pot,  and  bete  it  OMili 
the  nitric  arid,  which  in  the  depohuiaer.  The  depokfiatng  action  b 
refireiiented  by  the  equation— 

H     +    HNO,    -    H,0    +     NO, 

The  hydrogen  i»  thus  replaced  by  nitric  peroiid»  Now  the  ktter  it 
a  fM,  very  aoluble  in  strong  nitric  acid,  and  it  aoooidiiifij  ditaohrw 
thereiii,  and  does  not  apiiear  on  the  platinum  pkte. 

The  E.II.F.  0i  a  fieahly  fitted  Grove  cell  ia  about  1-9  volt,  and 
remains  fairly  constant  fur  moiuv  time  after  closing  the  drcait  Ita 
internal  reiittance  ia  extremely  low,  that  of  the  pint  sin  being  aboat 
H  ohm.  The  cell  ui,  in  fact,  the  bei«t  known  for  strong  and  (airly 
steady  currenta. 

IfiO.  The  Leclanohe  and  Afflomemte  OaUt.  These  differ  from 
all  the  ptfCfdiii);  celU  in  the  fact  that  the  exciting  liquid  ia  not 
snlphuric  acid,  but  a  concentrated  solution  of 
nninionium  chloride,  so  that  the  flPMMn  action  is 
ditfcnnt.  The  Lecknch^  is  shown  in  fig.  98. 
It  conaisli  ci  a  gUas  bottle  contai 
nmmoiiiiim  chloride  eolation,  and  ii> 
line  rod  (which  need  not  be  amu 
famished  with  a  copper  wire  and  bin> 
(the  faUter  not  shown),  which  const 
KP.  pole.  The  other  pUte  is  of  gsi*  .. 
the  tenninal  thereto  atUched  is  the  H.P.  polt*. 
The  depohuriser  is  not  a  liquid,  but  n  r--'  •-  • 
of  bUck  oxide  of  manganeee  and  bit^  rt^.  «t. 

the  Utter  being  added  to  pn\ 
compactneaa    The  packing  is  o  ylindrical  porone  pot 

(prefeimbly  with  a  few  Hniall  hol..-^  in  iu  sideX  ^^  the 
pUte  U  permanently  enibetldvd  in  it. 

The  agglomerate  cell  dilTers  from  the  LecUnchi  in  the 
the  porous  pot ;  the  depoUriaing  mixture  U  made  into 

<  >r,  when  a  battery  is  used,  by  the  sine  of  the  adjMSot  erll 
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cakes,  and  the  gas-coke  plate  is  placed  between  two  of  these,  which 
are  pressed  against  it  by  india-rubber  bandfl.  ThiH  form  of  cell  is 
snperior  to  the  I^cclanchd  in  having  less  renistancc  ;  in  otlior  resjiccts 
it  is  electrically  and  chemically  the  same.  The  main  action  in  either 
of  the  cells  consists  in  the  ammonium  chloride  attacking  the  zinc 
according  to  the  equation— 

Zn  -f  2NH.C1  =  ZnCl,  +  2NH.  -f-  H,  .  .  .  (1). 

Zinc.        Amnioniam  Zinc  Aniuonia.    Hydrogen. 

Chloride.  Chloride 

The  zinc  chloride  dissolves  in  the  excess  of  ammonium  chloride, 
forming  a  double  salt ;  the  ammonia  dissolveH  in  the  water,  while 
the  hydrogen  "  travels  "  in  the  approved  Grotthiisian  manner  an  far 
as  the  de|K)lariscr,  when  the  following  action  sets  in  :  — 

H,    -f     2MnO,    =     Mn,0,     ■{■     H,0  .  .  .  (2). 

Hydro({Mn.      Black  oxide  of      Brown  oxide  of         Water, 
manganeee.  nuuiRaiieee. 

The  actual  E.M.F.  of  a  freshly  prepared  T^anch^  or  agglomerate 
is  about  1*4  volt,  and  the  internal  resistance  (especially  of  an 
agglomerate)  is  considerably  less  than  that  of  a  Daniel!  of  the 
•same  size.  On  closing  the  circuit  the  E.M.F.  rapidly  falls,  the 
reason  being  that  the  depolarising  action  (2)  is  feeble,  and  after  a 
few  seconds  more  hydrogen  is  liberated  than  the  black  oxide  of 
manganese  can  effectually  di.si>08e  of,  thus  permitting  pjirtial  |>olar- 
i.sation.  On  again  opening  circuit  and  allowing  a  little  time,  the 
action  (2)  goe.s  on  until  the  excess  of  hydrogen  is  all  oxidised  off  and 
the  cell  is  ready  for  a  fresh  start.  These  cells  are  therefore  quite 
useless  for  long-continued  currents,  but  are  admirably  adapted  for 
intermittent  ones  of  short  duration.  They  have  the  great  practical 
advantage  that,  when  once  fitted  up  and  used  for  intermittent  work 
only  they  will  last  for  many  months  without  attention.  They  are  of 
i^'reat  service  for  electric  bells  and  telephone  calls. 

151.  Batteries.  The  term  battery  is  commonly  applied  to  any 
(ombination  of  two  or  more  cells.  There  are  three  classes  of 
batteries  —viz.,  teries,  arc  {or  parallel),  and  compound  circuit  batteries, 
which  differ  in  the  mode  of  arrangement  of  the  cells.  The  two  latter 
are  comparatively  seldom  employed,  and  we  shall  deal  only  with  the 
first  class ;  indeed,  when  a  "battery  "is  spoken  of  it  is  in  general 
understood  to  be  a  series  battery. 
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Thv  worti  **  M'tivA  **  i«  omployed  gvimnJIy  to  donoCc  the  unkng^- 
nwut  of  ii  nuuiUr  of  thinipi  in  Mieli  a  way  Uiat  ike  «mm  emrrmt 
fiastn  Ukrmtgk  one  after  the  oiKrr  u^tAomi  hmmekimg :  for  eianpK 
if  we  eonnect  the 
iMiloM  (if  A  eell  with 
tho  t^niiinalii  of  a 
t^nlviuioiuetor,  the 
i^U  Aiul  icalvano- 
lueter  are  «aid  to 
be  ID  aeriee. 

FipiMaiid  lOO 
rthow  a  aeriea  Imt 
tery  on  open  ami 
<  hwMti   rinniit 
iNrtivcly.    Til 


I, 

, 

I       X 

a 

1 

■ 

1 

1 

tirtly  uiulcrsUxMl  timt  tli 
.ay  kiiul  wImU'vcr,  and  all 


thiM  the 

Wilt  there  may 


Plg.M. 

I  fu*  Ktniple  eelh,  bat  it  nnat  be 

iH  are  t^fpieai  :  the  oelle  may  be 

.   rrvatione  perfectly  fsnecaL    In 

pnuaicc  it  iM  iiMiial  to  Imvc  all  the  cclN  alike,  ami  we  alMUl  soppoae 

3,  4)  are  repreeented, 
are  ae  ihown.  The 
H.P.  pole  A,  of 
Naliacoooecied 
by  a  aboft  thick 
wire  or  any  eon- 
vcnient  cbunp  to 
the  kP.  pole  I, 
of  No.2.theHJ». 
of  Na  2  to  the 
L.P.  of  Na  a. 
and  ao  on.  Thia 
leaves  the  end 
polea»  Land  H, 
of  the  finit  and 
n,.  100.  hwleella  free,  and 

Umm  ooQstitiite 
tho  tomiiiuiU  of  the  battery,  to  which  t»  in  fig.  100  the  external 
<  intiit  in  joined. 

Now,  to  umlemund  the  adTanta|{e  of  the  aeriea  anraagement  let  na 
>iiuly  Hk.  i«.    liet  f  denote  the  RM.F.  of  each  aepaimte  oelL    Tbea 
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the  iK>tential  of  A,  exceeds  that  of  L  by  f.  Since  no  current  i«  Howiiiy 
t  he  ]K)tentialH  of  A,  ami  /,  are  e<|ual  hy  PoitMonV  Principle.  In  the 
sune  way  the  |K)tential  of  A^  exceeds  that  of  /,  by  r,  while  the  iK>ten- 
tials  of  /,  and  A,  are  equal ;  and  so  on.  Hence,  a.s  we  travel  in 
imagination  from  L  to  H,  the  potential  makcH  four  juni|>8  up,  each 
equal  to  ^,  80  that  the  |K)teiitial  of  H  is  4r  alM)ve  that  of  L.  In  other 
words  the  E.M.F.  of  the  liattery  is  4*".  And  in  general  if  there  l>e  n 
cells,  each  of  E.M.F.  e,  the  E.M.F.  of  the  battery  is  nr.  This  is  a 
most  iin|>orUuit  i)oint,  and  is  the  one  to  which  the  practical  value  of 
a  .series  btittery  is  due.  We  yH  inaeased  electromotive  force.  For 
ixample,  with  a  single  Grove,  we  can  at  best  get  only  1*9  volt,  but 
with  twelve  such  series  we  get  1*9  x  12,  i.e.  22*8  volts. 

EXRRCI8K8  :— 1.  What  is  approximately  the  E.M.F.  of  a  series  battery 
of  20  Leclanch6  cells  ? 

2.  Show  that  if  a  number  of  cells  of  different  kinds  be  connected  in  series, 
the  E.M.F.  of  the  resulting  battery  is  the  sum  of  those  of  the  separate 
cells. 

3.  Four  cells,  each  of  E.M.F.,  e  arc  joined  in  series,  and  by  accident  one 
of  them  is  put  in  the  wrong  way,  that  is  its  H.P.  terminal  is  connected 
to  the  H.P.  terminal  of  its  neighbour.  What  is  the  E.M.F.  of  the  whole 
lottery  ? 

4.  Draw  a  sketch  of  a  series  battery  of  three  agglomerate  cells  on  closed 
circuit,  and  also  of  four  Daniclls  on  oi)en  circuit. 

In  practice  it  is  very  convenient  to  have  a  battery  of  six,  or  eight 
agglomerate  cells  packed  in  a  box.  The  box  is  provided  with  a 
couple  of  terminals,  constituting  the  \)o\ea  of  the  battery,  and  with  a 
number  of  brass  "  buttons  "  and  a  switch  handle.  The  buttons  are 
connected  to  the  cells  in  such  a  way  that  by  merely  moving  the 
handle  we  can  switch  on  any  number  of  the  cells  in  series,  from  none 
up  to  the  full  number  in  the  box.  Other  cells  may  of  course  be 
fitted  in  the  .same  way.  We  shall  speak  of  such  an  arrangement  as  a 
"  l)Ox  battery." 

The  increase  of  E.M.F.  obtained  by  connecting  cells  in  series  may 
Ik;  well  shown  by  means  of  the  condensing  electrosco^KJ  as  follows  :— 
Take  alx)x  Imttery,  switch  on  one  cell,  and  connect  the  terminals  to 
the  condenser  as  explained  in  §  140:  on  lifting  theeiirth,  plate  very 
slight  if  any  divergence  will  be  observwl.  Now  switch  on  two  cells, 
and  repeat  the  operations  ;  the  divergence  will  be  fairly  distinct 
Repeat  again  with  three  cells,  the  divergence  will  be  still  greater, 
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and  10  on,  uitUl  with  five  or  tix  eelU  tlie  dimgwHC  will  be  ••  wrmi 
%»  if  the  mp  of  the  electroMope  had  been  beaten  with  fur,  and  a 
■mall  spark  may  be  obtained  from  it. 

Bxiaoin:— A.  A  »U-oeU  baturr>  U  Ukeo  on  open  otrcait,  the  oo»- 
deiwijig  «leciroMopo  experimeot  performed  with  li,  aad  the  dlffgewni 
noted.  The  oiroiill  b  then  cUwad  bj  a  wire  td  oMdetale  lerirtanoe,  aad 
the  experiment  rvpeated.  What  differeooe.  If  aaj.  wtn  there  he  la  the 
behavtonr  of  the  leaves  .*    Rxplain  jroar  aatwer. 

liet  lu  now  con»ider  iHir  lottery  on  duaed  rirrtiit  (fijt.  lOUX  The 
ctirrent  flowa  along  the  eitemal  cin  uit,  frmn  H  t(>  U  and  lairk  atfun 
through  the  eella  and  connexioiia  a«  iiHliofttcd  by  thv  arrowfi.  In  to 
doing  it  eneonntera  the  extenial  reaiiitanffe,  and  abo  the  reaielaiioe  of 
all  the  oeUa  in  aucnMion.  If  b  deooto  tU  raaiatanoa  of  each  call, 
and  n  the  number  nf  thmi,  the  reaiatance  of  all  of  tlnm  ia  dearly 
ii6  and  adding  to  this  the  raatatnooa  R  of  tW  eitemal  ctrcuit  we 
ohteiii— 

Total  reaiatance  -116  4-  B. 

Now  we  have  abready  seen  that  if  e  denote  t^  E.M.F.  oi  t^  h 
cell. 

Total  ELM.F.  -  ne. 

Hence  if  O  denote  the  current  we  have  by  OhmV  Uw  (eqnatioQ  I, 
5l») 

Kxaaciaw:— 6.  Twehc  cella  are  cooneeted  In  nrieiL  Tbe  K.U.f.  aad 
reelMaaee  of  eaeh  are  15  volt,  aad  two  ohma  veqwtively.  aad  the  eiroato 
b  eeipiited  by  a  wire  whoM  reeUtance  b  riv  ohak  Find  Ite  etmgth  of 
the  ooneot,  aad  oomparB  it  with  that  given  by  only  one  of  the  eella  with 
the  aame  external  rwistanoe. 

7.  Work  the  foregoing  qnettloo,  rabetltntiag  an  external  rerirtanoe  of 
100  ohm«  for  ,1,  ohm. 

After  working  Iheae  queationa,  the  student  will  be  struck  with  tiM 
r a.  i  that  in  Na  8,  where  the  external  reaiatance  is  small,  the  cnrrent 
^i\.  n  by  twelve  cells  ia  practically  no  atyongat  than  that  from  a 
Ml  .rl'  •  •  11,  while  in  Na  7,  where  the  external  reatitance  is  big,  it  is 
\.i>  iiiu*  h  fttronger.  Now,  this  is  not  a  mere  accident  of  the  partim- 
lar  figurea  given,  but  a  general  principle  ;  it  can  readily  ba  deduced 
ulirebnucally  from  1.  and  the  student  should  prove  it  in  tUa  way  m 
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an  ezerdne.  Practically,  however,  it  is  more  instructive  to  view  the 
matter  thus  :  Comparing  a  single  cell  with  the  l>attcry,  when  we 
connect  n  cells  in  series  we  multiply  the  internal  re^iMtance  by  n.  If 
now  the  external  resistance  be  very  small,  it  makes  very  little  differ- 
ence anyway,  so  that  we  have  very  nearly  mnlti])lied  the  tot<U 
'sistancf  hy  n.  But  we  have  also  nuiltii>lie<l  the  E.M.F.  by  n. 
Hence  the  ratio  of  the  two  is  very  nearly  the  same,  and  therefore  by 
Ohm's  law  the  current  is  very  nearly  the  same.  But  if  the  external 
resistance  l>e  big,  it  is  the  chief  thing  ;  the  internal  counts  for  a  mere 
trifle,  and  whether  it  be  multiplied  by  n  or  not  is  of  small  iniiKirt. 
Hence  putting  the  cells  in  series  leaxrs  the  t/jf^tl  renUtaiicr  pn-tty 
much  tJie  name  as  if  tJieir  were  but  one  cell.  But  it  still  nMilti]>lies 
the  E.M.F.  by  n.  Hence  the  nitio  of  the  latter  U>  the  former  is 
nejirly  n  times  as  great,  that  is  by  Ohm's  law  the  current  is  nearly  n 
times  as  great. 

The  general  conclusion,  therefore,  is  tluit  with  small  external  re- 
sistance it  is  of  no  practical  advantage  to  use  a  series  battery,  but 
with  big  external  resistance  it  is  a  great  advantage. 
The  truth  of  this  conclusion  may  be  shown  experimentally  thus  : — 
Take  a  box  battery,  and  connect  its  j)oles  to  the  terminals  of  the 
high  and  low  resistance  galvanometer,  fig.  93.  Set  the  galvanometer- 
switch  on  the  button  L,  so  as  to  tlirow  the  low -resistance  coil  into 
circuit.  Then  switch  on  one  cell,  and  notice  the  jwinter-reading. 
Afterwards  switch  on,  in  succession,  two,  three,  four,  etc.,  cells  :  the 
reading  will  be  jtrettt/  much  the  same  in  each  case.  Now  switch  off 
all  the  cells,  set  the  galvanometer-switch  on  the  button  H,  so  as  to 
l)ut  the  hiffhresistance  coil  into  circuit  and  repeat,  /'w  everif 
additional  cell  used  there  will  be  a  deculed  increase  in  the  jxnnter- 
reading. 

EXEBCISBS :— 8.  Find  the  strength  of  Lhv  ...,., at  when  a  batter}'  of 
K.M.F.  24  volts  and  resistance  36  ohms,  has  its  poles  connected  by  thick 
wires  to  the  terminals  of  a  galvanometer  of  resistance  12  ohms.  Find  al.so 
the  potential  difference  of  the  galvanometer  terminals. 

U.  Three  cells  all  alike  are  connected  in  scries,  but  one  of  them  i.s  put  in 
the  wrong  way.  The  battery  is  then  hhort-circuited.  Comi)are  the  strength 
of  the  current  with  that  given  by  one  of  the  cells  only  (supposed  also  on 
short  circuit). 

10.  You  have  given  two  batteries,  A  and  B.  You  place  A  in  circuit  with 
a  galvanometer,  and  get  a  certain  deflection.    You  then  substitute  B  for  A- 
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and  get  •  msoh  malkr  <Witotloo.    iiow  woold  jo«  iad  o«t  wWtlwr  tkim 

WW  bMMM  !!*•  JLU.r.  VM  1«M  tlum  A'a.  or  btoMM  iU 

groalcrr 

The  Att«ntiun  o(  the  ■indent  U  cmlled  to  fig.  101  which  ui  a 

'  '  '  '  Iiidaf  MriM  bOteiy  when  Um  datelkoC 

trd   to 

1-I.uh  Ahort  thick  line 
/  r  with  the  mUMent  kmK 

thill  (iiit\  rvpreeBnU  a  single  cell ; 
/  U  the  UIV.  and  A  the  U.F.  pkt«s 
and  Uie  exciting  liquid  i^  iiuAgi»v«l 
lieiwvm   them.     The  nhort   '"  '•  rt?  I**! 

/.ontiU  lines  rpprment  the  nmn 

between  tlie  wicceerive  celU.  ii  aixi  1<  hit  the  bnuery  tcnnJusk. 
The  figure  ibows  nine  oelU  on  cloned  circuity  tlie  direction  of  Um 
current  being  indicnted  by  the  arrows.  Disgfmms  of  this  kind  are 
easily  drawn  and  are  very  useful. 

Kt'MUAKY  OK  IICWT  IMFORTANT  POINTS  IN  CRAPTBR  U, 

I,  A  simple  oell  ia  very  inefilcleat :  there  U  an  soeoniolatioo  of  hjdragM 
on  the  eopper  (or  platiaam,  ete.)  phUe,  which  ptodaoes  a  *s«ft  KJI.F., 
thas  eavriag  the  efl^oUve  or  aoUnl  K.M.r.  to  CaU  off .  This  rhisoiwon 
Is  called  polarissUott  (ff  U^  14S> 

1  Attend  csrefully  to  Grotth(b*s  theory  (f  146). 

t.  AtlflBdosrafBUy  to  the  depolarisli«  action  of  the  several  oelUdeKTibed 
in  the  tnt»  and  to  the  sada  ftlwmtftal  aoUoa  la  the  Ledaaohi.  Also  to  the 
tIno«alphate  forai  of  DanielL 

4.  The  object  of  a  snim  hmtierp  U  lo  obtain  imertmmd  fLUJT.  If  <>  de- 
note  the  BJI.P.  of  each  ceU.  that  of  e  oells  hi  series  is  a#  (f  151>.  A 
■eries  battery  is  s  great  advaotage  when  working  wUh  kifk 


BXBRCI8B8  ON  COArTBBS  L  and  II. 

1.  Draw  a  diagram  of  six  simple  cells  ia  •eries.  What  happens  if 
the  termhiab  of  the  arrangement  be  connectrd  by  a  wiiv  and  left  m  f or  a 
while  f    Bow  woald  yo«  prove  experimentally  the  tmtb  of  yvur  »tairnKDi ! 
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t.  A  tirip  of  platinnm  and  a  itrip  of  sine  dip  into  a  reMel  of  acidulated 
water.  How  would  yon  show  that  the  two  copper  wires,  fastened  one  to 
the  sino  and  the  other  to  the  platinum,  are  in  different  electrical  states  7 

8.  How  would  the  action  of  a  Daniell  coll  be  modified  if  the  solution  of 
copper  sulphate  in  the  porous  vessel  were  replaced  by  dilute  sulphuric  acid  ? 

4.  How  would  the  action  of  a  Dauiell  cell  be  modified  if  the  oopper  pot 
and  copper  sulphate  were  replaced  by  a  zinc  pot  and  rAnc  Kulphate  7 

6.  With  a  battery  made  up  of  many  cells,  how  would  you  show  that  the 
electrical  conditions  of  the  terminals  differ  from  each  other,  and  that  the 
extent  of  the  difference  is  greater,  the  greater  the  number  of  ccIIm  ? 

6.  You  have  two  box  batteries,  each  of  six  Leclanch6  cell«.  In  one  the 
cells  are  small,  in  the  other  large.  You  try  them  each  on  oi)en  circuit 
with  the  condensing  electroscope.  Will  there  be  any  difference  in  the 
behaviour  of  the  electroscope  ?  If  so,  what  ?  You  next  try  them  with  a 
low-resistance  galvanometer.  What  difference,  if  any,  will  there  be  in  the 
pointer-reading  7  You  lastly  try  them  with  a  high-resistance  galvanometer. 
Again,  what  difference,  if  any,  will  there  be  ?  Give  reasons  for  all  your 
answers. 

7.  Ten  voltaic  cells,  each  of  E.M.F.  1-75  volt  and  resistance  '75  ohm, 
are  joined  up  in  series,  and  the  circuit  completerl  by  a  wire  of  resistance 
12-5  ohms.  Find  (\^  the  strength  of  the  current,  (2)  the  T.P.D.  of  the 
battery. 

8.  The  poles  of  a  voltaic  cell  are  connected  by  a  long  wire.  The  wire  is 
tlien  cut  and  a  galvanometer  introduced  into  the  circuit.  Will  it  make  any 
difference  in  the  deflection  of  the  needle  according  as  the  cut  is  made  near 
the  H.P.  pole,  near  the  L.P.  pole,  or  at  al)out  the  middle  of  the  wire? 
Give  reasons  for  your  answer. 

9.  A  simple  ceil  is  put  in  circuit  with  a  multiple-coil  tangent  galva- 
nometer, whose  needle  is  observed  to  be  deflected  with  its  north  pole  east- 
ward. It  is  left  till  the  needle  comes  nearly  back  to  the  magnetic  meridian. 
The  zinc  plate  is  then  removed  (care  being  taken  not  to  disturb  the  copper), 
and  replaced  by  one  of  platinum,  and  the  circuit  again  completed.  How 
will  the  needle  behave  7    Give  reasons. 

10.  In  §  134  it  has  been  pointed  out  that  the  current  is  the  same  at  all 
parts  of  a  circuit.  But  it  was  here  tacitly  assumed  that  the  circuit  did  not 
hraneh.  Now  8upix>sing  it  doe*  branch,  0.^.— suppose  the  poles  of  a  battery 
are  connected  b^  two  wires,  what  will  then  be  tl^e  state  of  afl^irs  ? 
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11.  How  i>  |N>iAn*atloo  pWfDtod  la  •  DMilell  wll  f  Horn  6om  •  laif* 
Dsfikll  ooU  tliffrr  rrom  ft  nuUl  om  la  rttpMl  of  (1)  ■teolfo»«p||f  forot, 
(t)i«dilMOtr 

It.  Pferibt  aa  ti^lomenio  eall.  Whv  <1<iM  iu  K.U  F.  aimlnlAK  wIimi 
it  !■  abort  drooltod  ? 

ISL  Ditoribe  tbe  tine  auliiluiU;   furm  uf  UaakU  cell,  ju»1  •xi.^ 
of  iu  acilun. 


11.  Two  falvaak)  crib  conaUt  n^pcrtivrljr  of  (I)  phrtw  of  das  aad 
ooppor,  (S)  plalas  of  liao  and  |4aiiaoni.  «ll|itir<i  la  (1Unt«  MUpbarie  add  of 
tho  MUBo  drMigtb  ia  Moh  oaw.  If  ib«  two  linc  pbum  Mvjdaodbyavifi^ 
daMribo  wbai  oooan  wboo  tba  iikiiaum  ptaias  arv  aUo  joiaad  hjtk  wiia. 

15.  (IH90.)  Two  batlartca  A  aad  B  ai«  aiado  ap  of  oelU  of  tb«  mbm 
kiad  anaagad  ia  wnim,  A  bdag  oonpoMd  of  dxty  aad  B  of  tbiny  oalla.  If 
tbe  pfaUat  of  a  onndaadag  alMtroteopt  are  toaebad  eooeaedvdj  bj  tba 
lenaiaale  of  tbe  two  batteriee  aad  tbcs  teparated*  will  tbe  dlvetfeaee  of 
tba  leavae  depead  apoa  wbatber  tba  order  ia  wbksb  tbe  two  pair*  of 
oootaote  are  laade  ie  A  B  or  B  A  T    Give  reaeooe  for  year  aaewar. 

18.  Dotcriba  bow  yoa  ooald  aiake  tbe  karee  of  aa  elaotroeoopa  diiaife 
from  Toltaio  eoaroee  witboat  tbe  aie  of  a 


CHAFl'EK  lU. 
ENKHGY  AM)  HEATING  EFFECTS  OF  THE  CURUENT. 

*152.  Preliminary  Consideration ;  the  Coulomb  and  Ampere-hoar. 

In  §  l.'i4  we  have  soen  that  tlu;  eh'ctric  curri'iil  is  analogous  to  the  (low  of 
water  in  a  pipe.  Now,  the  water  current  in  a  pipe  is  estimated  by  the 
amount  of  water  that  passes  any  cross  section  of  the  piix;  in  a  given  time, 
say  the  numl>cr  of  pints  per  second.  In  like  manner  we  may  conceive  of 
the  electric  current  a«  estimated  by  the  amount  of  electricity  that  paAscs 
any  cross  section  of  the  circuit  per  second.  The  amount  that  so  passes 
where  the  current  is  one  ampere  constitutes  the  practical  unit  of  quantity, 
and  i.M  called  a  covhmb ;  an  ampere  is  thus  a  couhmih  per  Mcond,  or,  in 
other  words,  a  coulomb  is  an  ampere-second.  Practical  electricians  fre- 
quently employ  the  ampere-hour  as  the  unit  of  quantity — it  is  obviously 
equal  to  SfiOO  coulombs. 

ExKKCiSB :— A  bouse  is  fitted  with  an  electric  light  installation  taking 
10  amperes,  and  kept  going  on  an  average  two  hours  a  day  all  the  year 
round.  Find  how  many  ampere-hours  and  also  how  many  coulombs  are 
taken  per  annum. 

•153.  Work  in  any  portion  of  an  Electric  Circuit.    Consider  any 

dea<l  |M)rtion  of  any  electric  circuit,  /•.«/.,  A  H,  lij^.  H'»,  sup|X)sc  a  current  of  C 
amp6res  flowing  in  it,  and  let  V  volts  be  the  P.  D.  of  its  extremities  A  and 
B.  Then  in  one  second  C  coulombs  enter  this  portion  of  the  circuit  at  A 
and  leave  it  at  B,  so  that  they  fall  through  V  volts. 

Now  (§  61),  when  a  pound  weight  is  lifted  or  falls  through  a  foot  the 
amount  of  work  done  is,  as  a  matter  of  definition,  called  a  foot-inmnd, 
whence  it  is  inferred  that  when  w  pounds  fall  through  h  feet  the  work 
done  is  wh  foot-pounds. 

The  fall  of  electricity  through  a  P.  D.  is  analogous  to  the  fall  of  water  or 
other  material  substance  from  a  height,  and  in  both  cases  work  is  don(>. 
Now,  as  a  matter  of  definition,  the  work  done  by  a  coulomb  in  falling 
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tbroagb  a  voli  U  called  %jmU^  aad  jwi  m  Um  tPOfk  4om  by  v 
faUli«  thfoifli  hfmHSBwk  fooUpoodt,  to  Um  ««fk  4oM bjC 
inlkma«lhfOi«h  ?  volte  UVCjovka.  Rmm  la  om  ■MWii  Ite  «offc 
luB«  by  Um  daoirio  eairaal  on  Um  porUoa  A  B  of  Um  draalt  if  ▼  C  joaWi. 
ur,  la  oUmt  wonU.  lbs  mU^fumrh  U  V  C  joalat  ptf  aaoood.* 

Now  Um  mta  at  whiob  work  b  doao  I0  lenawl  pmter,  and  tb«  fnflhwlT 
ralo  of  one  joule  par  aooood  b  loroMd  a  loatt ;  a  wait  b  lba«  a  aali  ol 
power.    We  nwy  now  alata  oar  raaalt,  Uiaa  :— 

Wkn  a  cmmni  «if  Cmmtfh^JImM  tkrmi§k  •  pmrfimm  tf  m  Hrrfrit  tU  P.  If, 
t/ wk$9f  •aivfrnitif  is  V  r^lls,  U  Mirrrs  Mrrfy  t*  tkmt  f^rtUm  0t  the  rmi* 
rf  y  '•  — "'      For  nhortneM  Uib  Okay  be  wriltoa  :  - 

Bau  of  wark  •  TO  valU     ...    (1) 
or  *U-  l>iy : 

Watu      Tolu  ■  tapir**  (t) 

llio  btter  I  r«,lMwboM 


.  t  il  b  provMl  UmI  a  Joale  b  eqaal 

1                                   iMi.  or  a  luot-poaad  to  1  '"  *  '  <*.    Now,  wbat  b 

k                                   ui  »  korte'fwtr  (H.-P.)  !  to  be  ftSO  foot- 

1                            l>er   Moosd   (or   ViflOO  tica  1  botaa 

i                          1  8M  «  7I«  watla.    Wet  cqaaUoa  (t) 
Into  !^ 

Horta  power  »  WS 


BXAnrua  .  An  uverbead  trolley  wire  b  at  a  poteolbJ^ui  ^m  «oii^,  aod 
aoarbtaking  ISampteea,  flad  tbe  b.-|ic  eappliedtotlMoar.  Abolftbe 
motor  tttillMs  86  per  cent,  of  tbe  eoeify  aep|iUed«  And  tbe  k-pi  at  wbleb 
it  U  actually  ronniag. 

Tbe  correot  laavee  tbe  oar  by  tbe  ralb  at  potential  nro^  aad  tberefota 
tbe  ffdl  of  potential  b  600  volta.    Hence  by  (8)  :— 

H..P.  eapplbd  -  ^^^^-  «  8  aboat. 

Tbe  b..p.  at  whiob  tbe  oar  b  ranning  will  be  86  par  oioL  of  thia,  whioli 


•  If  Uie  uorUon  A  11  be  alive  tbe  >aaM  remit  b  tfae»  tbe  only  dU 
b  tbat.  If  dead,  tbe  beat  genetatad  in  A  B  b  tbe  end  eqaivaleaior  tbb 
work,  wbiob  otberwiae  U  b  not ;  ^.f .,  if  A  B  oontaina  an  ebotroaMtor 
geared  to  a  tram-car,  part  of  tbe  V  C  joalea  go  to  drive  tbe  oar  and  oalT 
part  to  beat  tbe  ooib  of  tbe  motor. 
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RxEBCtSBB:— 1.  Find  the  h.-p.  rcqnired  to  ntn  an  electric  light 
innUllation  taking  90  amperes  at  50  volU. 

2.  A  trait-hour  i*  defined  to  be  the  amount  of  energy  supplied  In  one 
hour  by  a  circuit  delivering  at  the  rate  of  one  watt,  an<l  a  Board  of  Trade 
Unit  (B.O.T.U.)  i8  1,000  watt  hours.  Find,  then,  the  cost  of  running  the 
installation  in  the  preceding  question  for  100  hours  at  4d.  per  B.O.T.U. 
[The  st  udent  should  note  that  what  wc  have  to  pay  for  is  not  electricity, 
but  electricity  atui  roltage  canibintd,  that  is  mcrffy.'] 

3.  A  dynamo  gives  a  T.IM).  of  SfjO  volt8  and  delivers  to  the  external 
circuit  a  (Current  of  lHfi-5  ami>ere^s  for  12  hours.  Find  (1)  the  h.-p.,  (2)  the 
number  of  B.O.T.U.  supplied. 

4.  A  KiUmatt  is  defined  as  1,000  watts.  Find  the  T.IM).  of  the 
terminals  of  a  dynamo  which  is  delivering  to  the  external  circuit  tiOO 
amperes  ami  3<K)  kilowatts.     Also  find  how  many  h.-p.  go  to  a  k.w. 

5.  An  electric  tram-ear  takes  15  amperes  at  500  volts  and  runs  at  the 
rate  of  1\  miles  an  hour.  It  carries  80  passengers  a  two-mile  journey 
at  a  charge  of  1^.  i>er  head,  and  the  cost  for  the  energy  .supplied  is 
Id.  per  B.O.T.U.  Find  the  profit  made  on  the  journey  exclusive  of 
wages,  wear  and  tear,  etc.     Also  find  the  cost  per  "  horse-power  hour." 

154.  Heat  developed  in  a  Wire  :  Joule's  Law.  When  a  current 
]m.H8es  through  a  wire,  exj>eriinent  show.s  that  it  becomes  more  or 
lc88  heated  ;  this  is  the  principle  of  the  electric  incandescent  or  glow 
Jami),  the  "wire"  in  this  case  being  a  specially  prepared  carbon 
filament. 

The  wire  l>eing  merely  a  dead  part  of  the  circuit  the  heat  developed 
in  it  in  any  time  is  (§  153)  the  exact  equivalent  of  the  energy 
tlelivered  to  it,  and  therefore  by  the  preceding  article  is  V  C  joules 
l»er  second,  V  Ixjing  the  P.D.  of  the  extremities  of  the  wire.  It  is 
liowever  more  usual  to  express  the  heat  in  times  of  the  resistance 
and  current.     Now,  if  R  be  the  resistance  of  the  wire  in  ohms,  we 

V 
have  by  ohm's  Iaw  (equation  1,  §  136),  C  =  .., whence  V  =  RCand 

therefore  V  C  =  R  C*.    Our  result  therefore  is  :— 

Heat  generated  per  second  in  a  wire  \ 

ofresistanceR  ohms  by  a  current/-  =  EC  joules  .  .  .  (1). 
of  C  amperes.  ' 

This  is  known  as  Joules  Law  ;  from  it,  it  is  clear  that /or  the  same 
current  the  heat  developed  in  a  givenHime  is  proportional  to  the 
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wUk  /or  lAe  cMNtf  rm§tmM  ii  it  fmtporfiomai  to  lAtf 
ttfuurt  n/  lAr  rttrrr$ii. 

It  Ahuiild  lie  ouv/ully  iioUid  ibai  Uie  bmling  effci:  ..■  mii  U 

III  no  WM)-  ilc|)vodt)iit  u|iuii  wAmA  iMy  Ui«  curftiii  90m,  «l>  m 

A  u»  H  ur  H  to  A  ;  in  ihk  rMptci  il  ilfoagljr  oootnMiu  ^ini  Ua* 
cbtfuiical  aiitl  iiiAgiivtic  effvcta  to  be  winidewt  in  nulnvquMit 
cbapten. 

BiBKntn:— I.  Tfm  f—bUno» of  Ui»  Ulanwnt  ol  —  l—ifawii  i—p 
to  HO  ohBM,  and  It  oMriM  a  coithU  ol  t  •cBp*!*.  Flad  bov  BMajr  >m1m  al 
bflAt  M«  gaowttd  in  it  p«r  bour. 

S.  A  platiAWB  «ir«  of  rwfartaaot  10  obm  U  bMiMiMd  la  a  ptoi  aad  • 
bAlf  of  vmior  «t  tiM  frMdag-poliit.  Find  wbat  ovnwt  M«t  bt  yainil 
tbroogh  Uw  wire  In  older  tbat  the  «al«r  mmj  bcfin  to  boll  afliir  Mi 
minaU«.  [N.B.— To  mbe  ft  pint  of  water  from  froctinir  to  Urfllnf-poial 
roqoirw  (about)  140.000  Joolaa  of  beat.] 

IM.  BiteofTempenttwoofaWlrt.    In  the  preoeding  artada  w« 
hare  aeon  tlutt  if  tin*  mtine  enrront  be  paaiad  dutiagb  two 
rntf  offimdmetiom^^ktai  in  tbem  is  proportional  to  tbair 
Itut  a  little  eomidefAtioD  will  abow  tbat  tbe  UmpenUmt  Ikrp  atkmm 
(tuinot  follow  tbe  name  law. 
For    example,    tuppoae    a 
ruiTvnt  to  paM  tbfOQgb  a 
uniform  wire  a  foot  long; 
tbe  bat  eleven  incbea  of  it 
bave  eleven  times  tbe  re- 
sislMiee  ol  the  fint  Ineb, 
and  yet  of  eonvse  tbe  wire 
attains  tbe  same  tenperatore 

t  lm>iigbottt  Again,  consider  tbe  arranfvnent  in  fig.  lOt.  Take  two 
pktiniun  wires  A  and  B  of  egmU  resaatanoea,  A  being  long  and  tbiek, 
and  B  abort  and  thin.  Fix  tbem  togetber  end  to  end  by  a  binding* 
Acrew  C,  and  join  tho  rnds  D  and  E  by  otber  binding-acrcws  and 
copiwr  wires  to  the  |ki1««  of  a  Cirove  battery  of  three  or  four  eella. 
Then  in  both  wires  A  and  B  tbe  current  is  tbe  aame,  and  tbsir 
resiatanoe  is  tbe  same,  and  therefore  tbe  rate  at  which  beat  is 
grneratcH)  in  thrni  in  the  same.  Bmi  ike  wirr  B  httotmf  wkitt  AoC, 
%9KUf  A  rrmttiiu  mrrriff  iMinii. 

Now,  why  is  this  t    When  we  fint  set  the  cuirent  through  any 
wiro  it  prodiiccft  heat,  which  raises  the  t^mpeimture  of  the  wirai    tel 
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at  the  sAine  tune  heat  eHcapes  from  the  sides  into  the  HurruuiulinK  air 
by  radiation,  and  as  the  tenii)crature  rises,  tliis  escAi)c  l)ccoiiies  more 
rapid.  After  a  short  time  the  heat  escapes  by  radintion  as  rajmlly  <u 
it  M  jvrfniucfd  hy  the  current^  and  the  trmjifrnturr  then  rises  no  more 
however  lonjj  the  current  may  Ikj  kept  j^oiiig  ;  the  wire  ha.H  thus 
attained  its  final  temiwrature,  which  remains  unchanged  so  long  as 
the  current  continues  steady.' 

Referring  now  to  fig.  102,  when  each  wire  has  attained  its  final 
temiwrature,'  since  the  rate  of  escape  of  heat  from  e^ich  is  e<|ual  to  its 
rate  of  ])roduction,  and  the  latter  is  the  same  for  lx)th,  the  rate  of 
esca^ie  must  be  the  same  for  both.  Now,  it  is  explained  in  books  on 
heat  that  in  order  that  the  rate  of  escape  from  two  things  may  be  the 
same,  the  one  of  greater  surface  must  have  the  lower  temperature. 
But  the  wire  A  has  a  much  greater  surface  than  li,  and  for  this 
reason  the  temperature  it  attains  is  much  lower. 

It  is  not  therefore  fair  to  comjwire  the  temperatures  of  two  wires 
with  the  same  current  simply  by  their  resistances,  or  the  temperatures 
in  any  cjise  by  the  values  of  K  C.  The  true  law  which  is  proved  in 
the  higher  branches  of  the  subject  may  be  stated  (ai)proximately) 
thus  :— Let  a  current  of  strength  C  flow  through  a  wire,  the  specific 
resistance  of  whose  material  (§  135)  is  r,  and  let  d  be  the  diameter  of 
the  wire.    Then,  if  T  denote  the  rise  of  temperature, 

T    «'^^  (1). 

From  this  it  follows  that  for  the  tame  current  the  rise  of  temperature 
is  prof)ortional  directly  to  tlie  specific  resistance  and  inversely  to  tfie 
cube  of  the  diametei\  Hence  for  the  same  current,  thin  wires  get 
nmch  hotter  than  thick  ones  of  the  same  material,  while  those  of  the 
siune  thickness  get  hotter  the  greater  their  si>ecific  resistance. 

This  may  l>e  easily  shown  by  experiment.  Three  wires— one  of 
fairly  thin  copi>er,  one  of  platinum  of  the  same  thickness,  and  one  of 
much  thicker  platinum— are  joined  end  to  end,  and  a  current  from  a 

'  Prior  to  the  attainment  of  the  final  temperatare,  the  temperature  of 
the  wire  depends  upon  how  long  the  current  has  been  on ;  this,  however, 
i.s  a  different  question,  and  we  do  not  here  discuss  it. 

'  It  is  not  implied  that  they  do  this  in  the  same  time ;  as  a  matter  of  fact 
t)iin  wires  reach  their  final  temperature  almost  inHtantly,  while  thick  ones 
require  longer ;  thiK,  however,  does  not  concern  us. 
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(Jruvu  ttent  Ihrotijib  them;  the  thin  pUtinuiM  win  thm 
much  hottcT  thnn  th«  thick  oii«and  aImo  thui  the  eopper.  It  «lKmltl 
Iki  tutUtI  that  it  iri  i»ot  fair  to  nuJie  throo  arporvl*  e«perim<BU  witli 
t  he  wirti«,  UMiiiK  thtiii  one  after  the  other  to  Join  tbe  haUery  termtnaK 
liecauM  the  total  reststaooe  is  then  ditfereot  in  tlM  tluf^  f aaai,  — d 
t  herafore  by  Ohm'a  law  the  ettrreots  are  different :  by  eonneetii^r  tiM 
>%'irea  end  lo  end,  aa  deecribed,  we  enaitre  that  (A#  ammt  emrmt  foaa 
through  all  of  them. 

If  we  take  a  wire  of  the  «une  material  throofboot,  bat  thicker  at 
Home  parte  than  other*,  and  uae  it  to  join  the  polea  of  a  battery,  the 
•  tirrvnt  in  the  Mune  throuKhout  aji  aIho  \»  the  ftpeeific  reeiitenea. 
Hut  the  diameter  is  least  at  the  thin  |«rts,  and  henee  by  the  above 
law  thr  tMim  pmris  6eomN#  hotteat 

IM.  Effect  of  Rise  of  Temperatare  on 
the  SifittMiee  of  Wirat.  Take  a  Uruvo 
cell  B  (fig.  103X  and  by  means  of  copper 
wires,  A,  A,  A,  arrange  it  in  series  with  a 
spiral,  W,  of  mther  fine  pbtintim  wire, 
and  a  low-resistance  fsltanometer,  U. 
Note  the  deflection  of  the  needle.  Then 
heat  W  strongly  by  a  Bonsen  bomer: 
the  deflection  will  become  slightly  leas. 
liemoTO  the  bomer  and  allow  the  wire 
to  cool ;  the  deflection  wiU  go  np  to  ita 
original  value.  This  proves  that  the  resktaaee  of  the  wire  W  is 
slightly  increased  by  a  rise  of  temperatare.  The  same  is  in 
tnio  of  whatever  material  the  wire  be  made  eamiiif  eorAon, 

T*  J,     reaistAnce  is  deereoMtd  onder  the  same 

the   reaistAaee  of    the 

glow   krop   when    well 

aboat  three^iuartefa  that  of 

flhMnent  when  cold. 

h>->l  jL#       rig.  M>4  shows  another  armngMnent 

^  "V^     forillttstrattngtheaamethiiv.    A, A.. 

/^        are  stoat  copper  wires  (moontod  on  a 

^'  '^  frame  and  famished  with  btnding-ecrews, 

tc),  and  W,  it,  are  {tbainum  wires  stretched  across.    The  terminals 

r.  T.  are  connecte«i  with  the  poles  of  a  Orove  battery  of  two  or 


J.*     _  |.     resistance  is  dt 

/^    f^f*l  f\  circumstances  ; 

f  4     \\  a]  1    I  <>I'^"'^nt   of   a 

I    UJ       ♦  ,ir,    J    1    alighf'i.abc 

\7^  '     *    ^'   /thesameflkme 

*Jt  ^/      Pig.  104  sho 


908  VOLTAIC  KLKCT&tCITY  OE  BLICTRODYKAMICS.       [Art.  167. 

three  celln,  giving  only  nufiicicnt  current  to  make  the  platinum  wires 
glow  dull  re<l.  The  wire  W  in  then  ininier8cd  in  a  pan  of  cold 
water,  when  the  other  one  to  liecomeH  bright  red  or  even  white 
hot.  The  explanation  i.s  that  the  water  cools  W,  thus  diminishing 
it,s  re«i8tance ;  by  Ohm's  law  the  current  then  increa.scH,  and 
therefore  since  ($  15.')),  other  things  l)eing  the  same,  the  rise  of 
tem))erature  is  proiK>rtional  to  the  >*«inM?<-  "f  the  current,  the 
temperature  of  w  rises. 

•157.  Work  in  a  Battery  Circuit.     Eflaciency.    The  relations  of 

$  153  may  be  applied  to  the  several  parti)  of  a  battery  circuit  considered  in 
$  188. 

The  rate  of  work  in  the  complete  circuit  is  the  same  as  the  total  power 
developed  by  the  cbemicHl  action  of  the  battery ;  hence  bearing  in  mind 
that  the  P.  D.  of  the  extremities  of  the  complete  circuit  is  E.,  the  E.M.F. 
of  the  battery,  we  have  by  equation  (1)  §  15.3. 

Total  power  -EC  watts \ 

or,  as  it  is  attcn  written,  !•   (1). 

Total  watts  =E.lf.  P.  X  current       .     .     .   ) 


In  like  manner  we  Imve 

External  watts  -  T.P.D  x  current       .     .     .     (2), 
and 

Internal  watts  —  internal  drop  x  current         (8). 

Of  the  last  two  items,  (2)  is  the  power  available  for  external  use,  while  (3)  is 
the  power  wasted  in  heating  the  battery.     Now,  in  any  machine  or  other 
contrivance  for  the  supply  of  energy,  the  ratio 
Power  available 
Total  power  supplied 
is  called  the  efficiency  of  the  machine  ;  hence,  from  (1)  and  (2),  we  learn 
that 

T  P  D 

EflBciency  of  a  battery  •=     ■■       (4). 

A  rather  important  consequence  follows  from  (1),  viz.,  that  if  we  increase 
the  current  supplied  by  a  battery  (by  diminishing  the  external  resistance) 
we  increase  its  output  of  power,  and  therefore  the  rate  of  consumption  of 
its  material ;  in  other  words,  increasing  the  current  makes  the  battery 
work  harder.  Practical  electricians  usually  estimate  the  **  life  "  of  a  cell 
or  battery  as  so  many  ampere-hours  (§  152);  clearly  the  harrier  it  is 
worked  the  shorter  will  be  the  time  before  it  is  exhausted. 


Art  IM.)     BIfKBllY   AND  HKATIifO   KfTtirrN  Uf  THM  CVRIIKirr. 


BjUmoniM:— 1.  Hbow  UmU  tUdWdiBpy  of  a  tett^jr  b 
Um  ovffeal  takoB  fram  IL  [NnTB.~Tbe  alwlMi  alwald  tain  au«  wA 
cwilan Iwtfitn  Uw  ^fUUmrp  mmI  the  tfrfiwi/  tittmmMl jmiMr ;  MtWi 
innrwiiw  from  awo  Ibe  lall«r  Iociwmm  sp  Io  •  ogrlaia  pobil  aftd  Umi 
«laofMi0c,  «ad  It  b  provwl  in  tb«  liifliM>  ptuU  of  Um  Mb)«)U  thai  th* 
•stMMU  power  !•  ffoiUost  when  matteis  m«  ao  «itaa(«i  tiMl  Ibo  T.PJ>.  of 
the  iMttery  i«  lu^  lb  K.lf  .P^  or  which  b  the  HIM  tlili«  wb«i  tlM  ostanMl 
Md  iBtanMU  iwirtUMM  MO  oqoal.  or  wb«i  tbo  oomal  it  kidl  wImI  It 
would  bo  on  aliort  olroolt.] 

1  Ms  oolla,  «wb  of  K.M.P.  1*5  n>ll«  and  iwittuflo  t  oImh.  am 
t^onaooUd  in  Mrloi.  and  the  torminals  of  th«  bottoty  tbw  formod  jolaod  bj 
A  wifo  of  fnirtanno  15  oboift.  Plnd  how  nuj  watto  aia  dovolopad  la  tba 
•'Stomal  oiroolt,  and  the  oflfcloBoj  of  tho  iattallatloa ;  alao  iad  tbo  botao. 
pow«r  at  whksh  tho  battery  worfca. 

a.  Find  the  internal  nwiitanre  of  a  djnanw  in  ocder  that  wbaa 
workiaf  againat  an  external  roaiataaoo  of  4|  oluna,  it  may  bavo  aa 

•  •f  90  per  cent.    [N.B.-  The  dTaaato  may  be  aappoaod  to  follow  tbo 
laws  aa  a  battery.] 

4.  An  eleotrio  pockoi>lamp  haa  a  raaistaaoo  of  SO  ohma,  aad  la  i 
by  a  amall  dry  hatteiy  of  reaiatance  10  ohma  and  B.M.F.  6  volta.  Tho  Ufa 
of  the  battery  la  aatlmatod  to  be  |  aaptes-boar.  find  how  aaay  §iAm 
tho  Ump  will  give,  allowing  an  averaga  of  5  aeoonda  fbr  each  flaah. 

158.  Local  Action.  We  have  already  aeen  (ff  ISS,  133)  that  |mra 
ur  aiuulpiiuiitt**!  zinc  im  not  attAckod  by  dilute  aulpburic  add 
it  foniiH  |iiirt  uf  a  voluic  cell  on  doaod  circuit,  whereaa  commc 
iiHMolviii  in  the  acid  at  once.  The  explanation  of  tlie  lattar 
!•>  that  the  metallic  impuritiea  in  tbe  common  sine  really 
a  hirgi*  iiuinlitT  of  pUtea  correaponding  to  the  copper  in  theatmpla 
ceil,  ao  that  we  get  a  lot  of  little  celU  on  abort  arcnit.  Tbe  floefgy 
fumisbed  by  tbe  chemical  action  ia  donbtleaa  tint  eonvertad  into 

•  lectrical  energy,  but  thiH  all  fritteni  down  aa  local  heat,  and  ia 
unavailable  in  any  other  form. 

Sttppoae,  now,  we  fit  up  any  kind  of  cell,  using  impora 
mated  line:  what  bappenat  Well,  tbe E.  M. F.  and eztenial 
arc  pnictically  tbe  aamo  aa  if  the  zinc  were  pure  or 
and  to  prodoce  a  given  amount  of  electrical  energy  in  tbe  main 
circuit,  the  mme  amount  of  sine  ia  diaaolved.  But  in  addition  to  tbe 
energy  of  tbe  main  circuit,  a  brge  amount  of  oaele«  WMfgy  ia  pro- 
duced in  tbe  small  local  circtiita,  and  tbis  entails  tlie  ooosompCioii  of 

H 
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ever  so  much  zinc  to  no  useful  end.  The  reaMon  for  nnialKaniating 
the  line  i»,  therefore,  not  to  auffturfit  the  E.M.F,  ttr  vuiin  cun'ent^ 
but  to  save  waste  of  zinc  in  producing  local  currenta. 

KxMBCtBK  :— Describn  what  takes  place  in  a  Daniel!  cell  when  a  rod  of 
oonunon  zinc  is  employed  in  the  poroas  pot 


8UMMAKY  OF   MOST  IMPOKTANT   POINTS  IN  CIIAl'TKi:    III 

1.  In  any  circuit  the  rate  of  work  is  V  C  watta  (§  153). 

2.  In  a  battery  circnit — 

Total  watts  developed  »  E.M.F.  x  current. 
Watts  available  externally  «  T.P.D.  x  current. 
Watts  wasted  internally  =>  Internal  drop  x  current. 

T  P  D 
Efficiency  -  -^^^ 

(§  157). 

3.  Heat  generated  per  second  in  a  wire  b  KC  joules  (§  154). 

4.  For  the  same  current  the  rise  of  temperature  of  a  wire  i«  profwrtional 
directly  to  the  specific  resistance  of  its  mate  rial  an<l  inversely  to  the  culxj 
of  its  diameter  (§  155). 

6.  The  reason  common  zinc  tlissolves  in  <lihite  sulphuric  acid  is  on 
account  of  local  electric  circuits  (§  15K). 


'  HAITKR   IV 
I  lu.UU  XL    t:yrK(*TS  OP*  Tilt:  iHlHii.\T. 

Ua  Chtmioal  PrtUmlaariit.  Tbera  f  tlnw  actdt  ol  gimt 
importanee  in  ciMmiitnr,*  tU.  :— 

Solplmrio  Mid  B,80,     Nitric  mM  HKO^     Qjdioeblofto  Mid  BCI 

It  win  b«  Men  U»t  in  ouJi  oT  tbeM  Mida  Um  molMQU  cMMirti  oT  OM 
or  two  atoms  of  kyJrufffn  united  with  an  element  or  groap  ol  elmcntA. 
This  element  or  group  of  elements  is  called  the  add  radkU ;  in  the 
CAM  of  hydrochloric  add  the  acid  radicle  is  the  element  eUonne  {CI). 
in  sulphuric  add  it  is  the  group  SOt  called  suffJUoa,  and  in  nitrie 
acid  the  group  NO,  called  mtriam.  Neither  sulphion  nor  nitrioo  CHi 
be  obtained  in  the  free  state ;  they  deoompoM  as  soon  aa  libefatad 
from  their  oompoiinda. 

The  characteristic  property  oC  theM  adds  is  that  it  Is  always 
possible  either  directly  or  indirectly  to  repbce  the  hydrofsn  la 
them  by  almost  any  metal,  and  the  resulting  coni|>otind  is  called 
a  so/l.  Salts  derived  from  sulphuric  add  are  called  nUpkaitt^  thorn 
from  nitric  acid  niimUt^  and  thoM  from  hydrochloric  add  tUondm, 
Subjoined  is  a  list  of  the  salts  of  chief  importance  in  eleUfkity : — 

Zincsolphale     .  .  ZnflO, 

Copper  solphate  .  CoSO, 

Terroos      ^  •  Fe80« 

rente  eliloride.  .  FeCL 

aUvernitiate     .  .  AgNO, 

Sodium  salphate  .  NaJBO« 

Zinc  sulphate  is  derived  from  sulphuric  add  by  repladng  II,  by  Zn, 
ferric  chloride  from  three  molecales  of  hydrochloric  add  (3  U  C9)  by 
rephidng  thrM  atoms  of  hydrogen,  3H,  by  one  of  iron,  Fe,  and  so 
on.    Saek  mdt  dtariy  comaitU  of  a  metal  combined  with  tm  acid 

*  There  an  also  a  vast  nomber  of  oibera.  The  i  small ■  of  Ibis  ehafiar 
anply  with  modifloattona  to  aU  of  them,  bat  U  is  thsM  thrM  only  Uua  are 
of  pcaotkal  ooooem  in  relation  to  eleotridty. 

ni 


Sodiam  ohlorido\         .  ^^gm 

rOommonsalt    /         .  "^ 

keroorio  chloride      \  ^mi^ 

rOomslve  Mblimale/ *  '^^^^ 

lleroarie  salphate        .  HgSO, 
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Tfidide,    Salts  are  generically  named  according  to  the  metal  they 
oDtain  ;  thus  we  speak  of  "zinc  saltn,"  "mercury  salt^,"  etc.    An 
acid  may  be  rtgarded  a»  a  aalt  of  hydrogen,  the  hydrogen  playing 
the  part  of  a  metal 

All  the  salts  mentioned  above  are  toluble  talts^  that  ih,  they  dixHolve 
in  water.  There  are  some  {e.g.  barium  sulphate)  which  do  not,  )>nt 
with  such  we  shall  have  no  concern. 

160.  Chemical  Action  of  the  Current.  Voltameters.  Electro 
lysis.  NowconBiderfig.  la'i.  PQQ'F 
i.s  a  jar  or  bottle  containing  a  solution 
(in  water)  of  any  sidt  In  it  arc  two 
platinum  plates.  AA,  K/,  fitted  with 
binding  screws.*  These  are  connected 
to  the  high  and  low  potential  plates  of 
a  battery— a  Grove  of  two  or  three,  or 
in  some  cases  only  one  cell,  answers 
admirably.  The  jar  with  plates,  etc., 
is  called  a  voltameter^  and  the  plates 
are  called  electrodes,  of  which  the  one 
AA,  connected  to  the  H.P.  terminal  of 
the  battery,  is  called  the  anodey  or 
)K>sitive  electrode,  or  H.P.  electrode,  and 
the  other  K/,  attached  to  the  L.P.  jwle, 
the  kathode,  or  negative  electrode,  or 
L.P.  electrode.  When  the  circuit  is 
complete  as  shown,  a  current  of  elec- 
tricity flows  from  H  through  the  leads 
and  voltameter  in  the  direction  of  the 
arrows,  and  round  to  L.  In  the  volta- 
meter there  is  a  down-gradient  of  potential  through  the  liquid  from 
the  anode  to  the  kathode,  and  the  electricity  flows  down  this  gradient.' 
Now  it  is  observed  that  when  the  current  passes  through  the  voltameter 

'  In  practice  it  is  convenient  to  fit  a  cork  in  the  bottle  and  to  have  the 
platinum  plates  attached  to  brass  rods  passing  through  the  cork,  the 
binding  screws  being  fixed  on  top  of  the  rods.  The  cork  should  have  a 
small  hole  in  it  for  the  escape  of  gas. 

'  This  may  enable  the  student  to  remember  to  which  plates  the  names 
anode  and  kathode  are  repectively  applied.  The  term  kathode  is  derived 
from  the  (Ireek  rord,  meaning  ♦♦  down " :  the  electricity  flows  ioum  th^ 
^adient  tnwariff  (he  kathode. 


3i         U 

Im 


Fig.  106. 


Art  110.]         cnmioAL  E9nom  or  tbb  cwmit.  tit 


Iksmtial  MoHftiv  $o  ii 
btimg  dtf^''"'  "^  <A#  ioModir,  or  fM|pa#tW  «l«ir«lf.  For  lowpU,  if 
we  UM  u  (iC  copper  iiulphAio  we  fsl  mtillir  eoppw  on  Um 

katliode,  wun  <inc  nolithato  wo  fot  neUUk  line,  with  ailvor  ofttiml* 
moUllic  silver,  and  m  on.  H  we  anpkqr  oa  add,  IImb  l^rdiofi  flM 
oppMi*  on  the  kathode,  the  hydrofao  thai  pligrioc  ila  part  aa  a 
malal  (f  laaX 

The  prooeM  of  thoadeeooipQiinff  a  «lt  or  add  ia  called  «Iic#W|pm^ 
and  the  aohitkm  doeonpoaad  ia  called  aa  tUttmlfIt, 

The  depoettion  of  metal  or  hydrogen  on  the  kathode  ia  in  aoMO 
leepeota  the  moet  imporUnt  feature  of  electfolyML  B«l  ■oiethiog 
happens  on  the  anode  as  well  If  the  salt  be  a  enlphale  or  nittato, 
bubblee  of  fu  appear  on  the  anode,  and  these  when  eoUeeted  and 
examined  are  found  to  be  oijgen.  Taking  the  ease  of  a  anIphaK 
there  is  erery  reason  to  believe  that  what  is  Jhnt  Uhemttd  on  the 
anode  is  the  add  radide  aulphioo,  but  that  this  rmcu  in  presence  of 
water  according  to  the  equation  :— 

H^O    -I-    80.    -    H,80.    +    O (I). 

^••OT.        aiOpliloa.    8«l|ili«i««  MM.    Oijiiw. 

SO  tiuii  >^  iiat  aetmUiy  appmtn  is  simply  oxygen.  This  viei*  !•>  i-'iu'- 
out  by  the  ftu-t  that  free  H^O«  gradually  aeeumnlates  in  the  liquid. 

In  the  case  of  a  nitrste  the  srtion  iit  MiuiiUr :  the  salt  f 
into  the  metal  and  nitriun«  and  the  Utt4-r  then  reacts  %-.■ 
forming  nitric  acid  and  oxygen  thus : — 

H,0  +  SNO,  -  2HNO,  +  O U). 

Water.         NhfiMi.         NlifteMM.    Oijf, 

If  H  ckluritle  be  employed,  free  chlorine  appears  at  the  anode,  but 
this  gas  being  chemically  very  active  attacks  the  platinum  phue, 
forming  pbitinum  chloride;  for  the  dectrolysis  of  ehlorides  an 
anode  of  gas  coke  should  be  employed. 

Taking  the  case  of  copper  sulphate,  the  entire  action  infludiog  the 
liberation  of  oxygen  may  be  written :~ 

CuSO,  +  H,0  -  Cu  +  H^,  +  ( '  3X 

The  appearance  of  the  metallic  constituent  ol  a  aait  on  one  of  the 
electrodes  and  of  the  add  radicle  on  the  other  is  explioable  by  the 
aid  of  OrotthOs's  theory  (d.  §  146).  Thus,  consider  the  eleHi^yiii 
of  copper  sulphate.  A  molecule  of  Cu80«  a4)ocent  lo  the  kathode 
undeigoee  deoompodtion  \  Cu  is  depodtcd  and  80«  liberated.     Thia 


214 


VOLTAIC  RLECrTRIClTY  OR  RLBCTRODTNAMlCS.        [Art.  160. 


SO,  appropriates  the  Cu  of  the  next  molecule  of  CuSO,  forming 
a  new  molecule  of  CuSO,  and  liberating  the  other  SO,.  And  so  on. 
The  SO,  thus  *'  travels  "  by  alternate  dissociation  and  combination 
until  it  arrives  at  the  anode  where  it  reacts  with  the  water,  forming 
H,S(),  and  liberating  oxygen  as  per  cciuation  (1). 

Adopting  the  notation  of  equation  (2),  §  146,  the  entire  action  (3) 
may  according  to  this  view  be  written  in  the  more  expanded  form  : — 

CuSO.  +  CuSO,  + +  CuSO,  +  H,0  =  Cu  +  SO,Cu  +  SO 

Cu  +  SO,H,  +  O (4). 

It  should  be  noticed  that  in  all  cases  the  metal  "travels"  through 
the  liquid  down  the  )X)tcntial  gradient,  t.r, 
imth  the  cun-enty  and  the  acid  nulicle  the 
opposite  way. 

Fig.  IOC  shows  a  fonn  of  voltameter 
commonly  employed  for  the  electroly.sis  of 
dilute  sulphuric  acid.  It  consists  of  two 
gUiss  tubes,  S  T  E,  communicating  with  (»ne 
another  near  the  bottom  by  a  cross  piece, 
and  from  this  springs  a  longer  tube  furnished 
at  the  top  with  a  reservoir,  B.  The  re.servoir 
and  central  tube  being  filled  with  acid,  the 
cocks  S  are  opened,  when  some  of  the  acid 
rises  in  the  tulles  T,  T,  filling  them  and 
expelling  the  air.  The  cocks  are  then 
closed,  and  the  electrodes  E,  E,  connected 
by  means  of  the  terminals  <,  t,  to  the  ix)les 
of  a  Grove  battery  of  two  or  three  cells. 
The  result  of  the  electrolysis  of  sulphuric 
acid  is,  as  above  explained,  that  hydrogen 
ap[>ears  at  the  kathode  and  oxygen  at  the 
anode ;  these  gases  collect  in  the  resi)ectivo 
tubes.  When  a  fair  qmmtity  of  each  has 
been  obtained,  if  either  cock  be  opened 
the  weight  of  the  acid  in  the  central  tube 
drives  the  gas  out  at  the  jet :  the  hydrogen 
can  be  identified  by  its  property  of  burning 
when  a  light   is   applied,  and   the  oxygen 


Fig.  IM. 


by  re-kindling  a  glowing  match  or  taper. 


Aft.  ito.j  cmmoAh  wnwcff  ov  Tm 


Tbo  eUKlrolyaU  of  Milphorir  acid  |irwBiiU  an  imf-^f**  fr«uu«. 
At  the  tuiUiodo  w«  have  tho  Artiun 

M^SO.  -  H,  -I-  80. (5X 

Thltf  RO|  **  tmveU  **  by  dtamalo  eonitiiiiaiuin  am!  tlUMirUiSfMi  bi 
tlic  lUMHit*,  whrre  we  have  the  actitm 

K().  +  IM)-li;!»().i.(i  .  .  .  iuj. 

ThuM  for  every  molccuU*  of  H|S(),  deeonpowd  in  (5)  aaollMr  b 
formed  in  (6),  ao  thai  the  quantity  of  Mtlphiiric  add  nwaini  qaila 
unaltered  however  lonir  the  pcooew  0oaa  on.  TIm  ranilt  of  (A)  aad 
(6)  tofeiher  U  Kimply  to  produeo  the  ae|mmte  piaaa  H^-fO  tn  pkee 
of  H/>,  prvriW/y  OM  \f  wt  had  dwamfomd  a  wudmtit  «/  wmUr ;  and 
aeoordingly  the  proportiooa  of  hydrofHi  and  ogyfen  obtained  in 
the  tttbea  are  the  «une  aa  exiat  in  water,  two  voloiiieB  of  liydmgin 
tn  one  of  oxygon.  [This  hi  shown  in  the  dfaicram ;  the  left  haad 
tnbe  is  the  kathode,  the  right  the  anode.]  On  this  aceooat  the 
cIcH^mlyftiii  of  dilute  iiul|thuric  add  b  touMlfanea  spoken  of  as  the 
>is  of  wmtcT."  But  it  can  only  be  rsffuded  as  audi  in  a 
W  ....  .  >oniie,  for  if  the  Hulphuric  acid  be  omitted  and  we  try  the 
•  x|icriment  with  pure  water  no  decomposition  takes  ph^e.  Purr 
tt^itrr  is  praetittiHy  nol  an  fieetrolytr. 

The  electrodes  of  a  voltjuiietcr  are  not  necessarily  of  plattnom, 
although  this  metal  is  usoaUy  preferred  becaoae  it  is  quite  nn- 
attackable  dther  by  sniphion,  nitrion,  or  frse  oxyfen.  Bnt  it  is 
attackable  by  chlorine ;  hence,  in  dectrolyatng  chlorides  an  anode  of 
carbon  is  empkgred.  The  material  of  the  kathode  ia  of  leas  im- 
portanoe  because  the  metal  libemted  thereat  has  no  attacking  action, 
but  even  here  pUtinum  is  practically  the  best  for  most  poiposea. 
When  the  anode  is  of  a  substance  attackable  by  the  acid  radicle  or 
by  oxygen  the  action  is  modified  according  to  the  nature  and  extent 
of  attack.  A  Himple  case  b  afforded  by  the  electrolysb  of  a  solution 
of  sine  sulphate  with' a  pure  tine  anode  ;  here  no  oxygen  b  formed 
at  all,  the  SO,  nimply  attacks  the  line  directly  and  forms  ZnSO.  a 
molecule  of  Zn80,  being  thus  formed  at  the  anode  for  every  one 
dccomiMMed  at  the  kathode.  Thus  tkt  strvnyfA  qf  lAs  safnlioii  rt- 
MMiMM  mm^greted^  the  kathode  raceivea  deposits  of  sine  and  the  anode 
b  gradually  eaten  away,  the  ultimate  result  being  just  the  same  ae  if 
the  sine  had  been  Utdily  transferred  from  the  anode  to  the  kathode. 
The  same  occurs  in  the  case  of  copper  sulphate  with  a  eo|if»r  anode 
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jtrovided  the  copper  on  the  latter  he  in  a  finely  divided  tiate^  in  which 
raae  it  i«  readily  attacktHl  by  SO,.  The  latter  fact  i«  well  seen  by 
elei'trolysing  a  m>lution  of  CuSO,  with  platinum  electrodes  in  the 
ortiinary  way,  and  then  reversing  the  current :  the  first  part  of  the 
iiction  dei>osits  a  finely  divided  layer  of  copper  on  the  kathode  ;  on 
reversing,  the  original  kathode  l>ecomes  the  anode,  and  this  finely 
divided  layer  of  cop]>er  is  eaten  off,  while  a  corresponding  layer  is 
deposited  on  the  kathode,  thus  giving  the  ajUK^arance  of  bodily 
transference. 

In  any  case,  if  an  ordinart/  plate  of  copi>er  be  employed  as  the 
anode  the  action  is  a  gootl  deal  more  complicateti,  but  consists  mainly 
in  some  of  the  oxygen  converting  the  copper  into  copper  oxide,  CuO, 
which  forms  a  blackish  coat  on  the  jilate. 

EXEBClSBs:  — 1.  Writ*j  down  the  equation  for  the  electrolysis  of  dilute 
sulphuric  acid  in  a  form  similar  to  (3)  above  for  copper  sulphate. 

2.  An  electric  current  (which  is  the  same  in  all  the  parts  of  the  trough) 
Hows  horizontally  in  a  trough  filled  with  a  solution  of  copper  sulphate.  A 
rod  of  copper  is  then  supported  horizontally  in  the  trough,  with  its  length 
parallel  to  the  direction  in  which  the  current  is  flowing.  How  will  tho  ro<l 
be  effected  by  the  current  ? 

161.  Battery  Cells  in  Opposition.  In  fig.  107,  No.  l,  the  cell  X 
is  in  series  with  the  l»attiry,  tlu'  H.l*.  terminal  of  the  latter  Ixiing 


No.  1.  Pig.  107.  No.  -*. 

connected  to  the  IA\  of  X,  and  vice  verta.  But  now  consider 
No.  2;  here  X  is  said  to  be  in  oppositifm  with  the  battery,  the 
connexions  being  made  the  other  way— tliat  is,  the  H.P.  plates  are 
joined  together,  and  likewiee  the  L.P.  When  X  is  in  opposition  its 
RALF.  goes  against  that  of  the  lottery  (cf.  Ex.  3,  5  151),  and  not  only 
so,  but  the  natural  action  o/\  is  revei'sed ;  it  behaves  not  like  a  cell, 
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but  lik«a  N  Miple,  it  wore  *  niaiplt  oiU  «itb 

r'mr  ntv\  f^l  uTn  wcrv  alreidjr  «MM  ZaBO,  in 

>••  iiii)|>huru'  lu-itl  tlMtolvii 
lie  ck'ctnjlytrd,  iii«tellie  tine 
tht  sine  pUto  (the  kathodeX  And  ozygm  on  th«  pktimani  "i  • 
AOodeX  Or  if  ih«  cell  X  wer«  a  llMiiell  ol  tho  **  tine  fnil|4«i*i* 
form*'  ($  148X  copiier  wtiuld  be  mOmi  off  the  copper  |mH  and  finr 
depoiiited  on  tiie  tine  rod. 

If  in  pUco  of  a  single  cell  X  we  have  anotlier  battery,  tbe  turn 
kind  of  thing  occnm ;  the  battery  of  higher  R.M.K.  perfome  he 
nattintl  action,  and  the  one  of  lower  K.M.F.  iu  revened  action. 
If  both  batteriee  have  the  aune  E.M.F.  no  action  ocean  in  eitlMr 
of  them. 

Kxnacian:— 1.  The  platioiuu  and  copper  pktee  of  a  Ufore  aad  a  DaaWll 
oell  art  oonaecied  by  a  wire.  Wookl  there  be  a  oarreat  If  the  sine  phOee 
went  aleo  connected,  and  If  m  In  which  direetfcNi  woald  It  aow  f 

MThat  rsaeon  have  yon  for  yoor  aaewerf 

S.  A  tingle  Grove  cell  ie  oonneoled  In  oppoeition  with  foer  Danlrlla  In 
aeriia.    State  and  expUin  what  happen*. 

A1m>  takii«  the  IClf.r.  of  a  tirove  aa  1-9.  awl  that  ol  a  DaaieU  an  II. 
and  the*  mtlataaoe  of  the  whole  cin^oit  an  10  uhm*.  And  Uk*  Mrmirth  of  lh<- 

Carri-til    niitl  t)ii<  Iwai  irt*ii<Tnt<«l  iici  mn-iiiiiI  in  the  fiilin-  i-in-uit. 


HUMMABY  OF  MOOT  IMI-OUTAST  miSTS  IN  CIIAITKIl  IV 


1.  When  a  Mit  ondeifoet  eleotrolysU,  tJu  m^iml  mUerngs  m^ftemrt  mt  tkr 
Bifrtwf  Wee#redlf  er  htUhUs—ikml  U,  the  one  oonaedcd  with  the  LI*, 
pole  of  the  battery  ;  what  appeare  at  the  anode  It  In  gtnecal  anffM.  tiM 
latter  being  the  remit  of  a  aeoondary  action  between  the  eleotfo>nagative 
radicle  (tjf.,  KO.)  and  I1,0  (4  160). 

The  eqoatiun    for  the  eleotrolytia  of  oopper  lolphate  ladadlBg  the 

ro«0.  ♦  H,0  -  Co  4^  H^HO.  ♦  O. 

(fIgO). 


'1.  \\\n'u  two  cflb  ur  battcric«  arc  juIqlmI  in  uppoailion  the  one  of 
K  M.K.  |M<rforinii  iu  natural,  aad  the  one  of  lower  lU  reveiaed,  aotioa,  aad 
tbo  total  K.M.F.  la  the  differmeeoi  the  Mporale  B.M.y.*a  (f  UIX 
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BXRKCI8B8  ON  CIIAITBIU^  III.  AND  IV. 

1  (1903).  One  yaitl  of  thin,  and  one  yard  of  thick  copper  wire  are  joined 
in  scrien  with  a  liattery  of  Danicll  cell«.  I»  there  any  difference  Wtweon 
(1)  the  currents  in,  (2)  the  temperatnrefl  of,  tlio  two  wireH  7 

2.  The  zinc  and  copper  terminals  of  a  Daniell  cell  are  conncctetl  to  two 
platinum  plates  which  dip  in  a  solution  of  copper  sulphate.  Describe 
carefully  what  happens  at  each  of  the  platinum  plates,  and  give  the 
chemical  equation  for  the  action. 

3.  In  what  way  will  the  action  in  the  preceding  question  be  modified  (if 
at  all)  if  the  plates  be  of  copper? 

4  (1902).  Two  platinum  spirals  are  included  in  the  same  circuit,  and 
glow  dull  red  when  a  current  is  passed  through  them.  When  one  of  the 
spirals  is  dipped  in  water  the  other  glows  more  brightly.  Explain  these 
effect*. 

5.  The  poles  of  a  battery  are  joined  to  the  ends  of  a  chain  of  alternate 
links  of  iron  and  copper.  Does  the  cliain  acquire  the  same  temperature 
throughout?     Give  reasons  for  your  answer. 

6.  The  current  from  a  battery  is  pas.scd  at  the  same  time  through  a  thin 
wire,  and  through  dilute  sulphuric  acid,  connected  in  scries.  What  will 
happen  to  the  wire,  and  to  the  dilute  acid,  and  what  change,  if  any,  will 
be  produced  in  each  case,  by  reversing  the  biittery  connexions  so  as  to 
alter  the  direction  of  the  current  through  the  wire  and  liquid  ? 

7.  How  is  it  that  if  the  poles  of  a  battery  are  connected  by  a  long  thin 
wire,  the  battery  does  not  get  so  hot  as  when  a  short  thick  wire  is  used  ? 

8.  You  have  access  to  the  terminal  wires  of  a  hidden  battery.  Explain 
how  you  would  tell  which  wire  was  connecte<l  with  the  zinc  and  which 
with  the  platinum  pole  of  the  battery,  by  observing  what  happened  when 
the  wires  were  connected  to  the  terminals  of  a  voltameter  containing  a 
solution  of  silver  nitrate. 

9.  A  current  flows  through  a  copper  wire  which  is  thicker  at  one  end 
than  at  the  other.  Is  there  any  difference  either  (1)  in  the  strength  of 
tbecarrent  at,  or  (2)  in  the  temperature  of,  the  two  ends  of  the  wire? 
State  how  they  differ  (if  they  do  so  at  all),  and  why. 

10.  Two  copper  plates  of  the  same  weight  are  connected,  one  with  the 
l>ositive  (ix.  H.P.),  and  the  other  with  the  negative  (I^P.)  jwle  of  a 
voltaic  battery,  and  immeraed  side  by  side  jn  a  solution  of  copper  sulphate. 


cmaoAL  ■ffMTni  or  tsi  ecKuan.  tt0 


ir»fl«rMMMlla«tb«pblMMe  raaovtd.  4i««l,  mmI  f».»«%lMd,  llwj  m 
foitBd  DO  leaftr  lo  ««if  h  ftlilw.    Aeeorai   for  iliU,  i 
by  tiM  ooBtiaMd  moUoq  of  Um  oorrml  Um  •qtHOUjr  of 


11.  A  rertioal  pttrtitkm  of  ponm  mMthmmnn  U  flttod  toloa 
and  dUoto  Mlpbarlo.aekl  b  powod  telo  Md 

duo  and  oopiMr  u*  plnotd  raupwtlfalj  is  Um  t«o 

by  A  vira.    State  wbm  vlU  bt  dbmrnd  wtok  i 
o(  gM,MMl  bow  Um  obwrwl  plunimmn  wtti  bo 
wboB  oopporoalpbAto  ■olotioo  b  powod  Into  tbo 
tbo  OOppOf  fOd> 


IS.  It  b  inloBdod  to  Mi  op  oao  boadrad  Oroto  caBo  I 
roUtmke  itn  o«lb  mo  anmngod  la  oppotiUoB  to  tbo  not:  wba  b  IJm 
rrUliun  of  the  poC«ntbMlff««noo  of  tbo  torailaab  oa  o|«a  cinniit  to  wbai 
would  bare  beeaobtaiaod  If  tbo  mblako  bMl  aoi  booa  awdo  f 


IS.  Two  ^UnnU*  orlb  ate  aiado  of  osaotly  tbo  now  aiteriib,  bft  la 
oao  coll  '  aie  mach  larger  than  In  the  olber.    Wbat  woold  bo  tbo 

oflboi  of .....-.,.,  .lig  lioth  into  a  olroolt  ao  tbat  tbey  toad  to  aaad 
ia  opposite  ilimnionji  r    (live  roaaoaa  for  year  aaawor. 


14.  A  battery  of  four  Oruve  relU  in  ■orbo.cach  eoll  of  B.lf.r.  !*•  foU 
and  reaistaooo  -4  ohm.  Ian  iu  tenninab  ooaaectod  by  a  wire  of  loabtoaeo 
S*4  ohaia.  rind  (1 )  the  rurreot  (ia  ampAiw),  (S)  tbo  aambor  of  Joaloe  of 
work  doBo  per  Mii«if/r  by  tite  battery,  (8)  tbo  aombor  of  calorioo  of  boal 
goaoiated  per  minuto  la  tbo  wire.    (I  oalorioMl-i  Jooloa.) 

Abo  Had  at  what  fiacUoe  of  a  bone-powor  tbo  baltory  b  woftdaf . 

IA.  (190t.)  Wbai  experimeat  wimld  yoo  mako  to  dolonnlno  whet  bar 
the  oorreot  Uiroogh  an  incaadoooonl  lamp  waa  alteraatiaf  or  oootteaoaot 


CHAPTER  V 
ELECTUOMA  ONETISM 

162.  Preliminary  Geometrical  Considerations.  Ikforc  entering 
upon  the  subject  of  this  chapter  there  are  two  i)oint8  of  a  purely 
geometrical  character  which  it  is  nece8.sary  to  understand  thoroughly  : 
these  we  shall  deal  with  in  the  next  two  articles. 

163.  Rotation :  Clockwise  and  Counter-clockwise.  It  is  fre- 
quently nece.ssiiry  in  dealing  with  rotiiry  motion  to  distinguish  the 
iPiiy  a  thhuj  ffoes  rouml.  When  it  does  so  like  the  hands  of  a  clock, 
the  movement  is  said  to  Ihj  clocktvise^  and  when  the  op|>osite  way, 
coviit^'-clctckwijw.  It  should  Ihj  noted  tliat  these  terms  imply  that  we 
are  looking  at  the  thing  from  some  agreetl  iK)int  of  view,  f.f/.,  in 
fig.  92,  p.  181,  the  current  as  indicated  by  the  arrows  is  going  round 
clockwise  when  we  view  the  instrument /rw/t  thefrrmt  as  shown,  but 
if  viewed  from  the  Ixock  it  would  be  going  counter-clockwise. 

The  student  is  cautioned  against  the  i)hra.ses  "  right  to  left "  and 
"  left  to  right,"  sometimes  employed  to  distinguish  rotation,  tis  they 
are  very  confusing  ;  the  hands  of  a  clock,  for  example,  go  from  left  to 
right  over  the  top  of  the  face,  and  from  right  to  left  over  the  bottom  ; 
in  fact,  these  phrases,  when  aj)jjlied  to  rotation^  have  no  meaning 
whatever. 

164.  Spirals :  Right-handed  and  Left-handed.  The  term  spiral 
or  helix  is  applied  to  a  piece  of  wire  or  other  material  coiled  after  the 
manner  of  an  ordinary  spring.  Now,  there  are  two  kinds  of  spirals 
distinguished  by  the  above  names  and  possessing  an  essential  differ- 
ence which  will  be  learned  from  fig.  108.  Here  R  shows  a  right-  and 
L  a  left-handed  spiral,  and  the  observer  is  supposed  to  be  viewing 
them  endways ;  the  thick  lines  then  represent  the  upper,  and  the 
thin  ones  the  lower  [larts  of  the  wire :  the  student  can  however 
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l«uti  inofp  of  Ihe  OMttor  in  fivo  miniitM  liy  winding  n  bit  oC  wirt  on 
%  ttiek,  tbnn  by  rending  it  up  for  nn  boor. 

Th«  fimt  thitiK  to  be  noticed  Im  tbnt  «Mcb  vpiml  pOHMMMi  ite 
imli¥tdt«dity ;  from  wbicboirsr  end  R  i«  viewad  it  rttnini  tiM  ■ 
appflnmnoB,  and   tbe  aune  is 
true  of  L :  we  ennnot  mnke  « 
left-bnnded  tpuml  into  n  rigbt 
bnnded  one  by   nltertng  our 
point  of   riew.    Now,  to  Me 
wbat  in  the  efMcntUl  difference 


r 


between  the  two,  imagine  aoine         ^ 

ineect  to  eUurt  at  tbe  end  A         ^ 

and  crawl  along  the  eoila  of         ^ 

the  n<«|iective  apirala  ae  abown  -^ 

by  tbe  arrowa,  until  be  reacbea         ^ 

the  end  B ;  and  let  ua  atand  2> 

at  A,  and  l(x>king  along  A  B  ^. 

watch  him  during  bia  journey.  ^ 

Then  on  H  he  will  be  seen  to         ^ 

be  moving  clockwijie,  and  on      if^ 

L  counter-clockwiw.    The  din-    ^     ^ 

tinction,   therefore,   is   that   if  •"*•  **^ 

anything  travel  from  the  near  to  tbe  far  end  of  tbe  Hpiral,  it  mui4,  if 

the  spiml  be  riffht'bandod  II  '    k  wine,  and  if  left-banded,  ( 

clock wiM.    ThiA  may  be  |'  her  forma  of  wordaall 

to  the  Maine  thing,  but  prubaUy  tbe  moat  Mnrioenble 

that  in  a  riffkt-hanJed  tpiral  tUtekwim  roiaiiom  is  nmotiaimi  wiik  • 

pusk,  and  m  a  ^fi-kamded  om  with  a  puli ;  it  ia  impoMible  to  foifei 

this  if  one  beara  in  mind  that  all  ordinaiy  carpenter'a  acrewa  are 

right-handed  spirals,  and  that  in  driving  tbem  into  tbe  wood  tbe 

■crew-driver  baa  to  l)e  turned  dockwiae. 


16ft.  XlMtraBMCBitiim.  We  bnTO  already  had  in  the  electio- 
magnet  and  lealvanometer  inttnnoea  of  the  production  of  mngwirir 
effeda  bj  tlie  current  Tbe  bmneh  of  tbe  anbjeet  wbicb  deab  with 
tbeae  effeda  is  termed  Electroouignetiam,  and  ia  one  of  tbe 
important  eapedaUy  from  tbe  pobt  of  new  of  tbe  eleetiioal 
The  f undnmontnl  fad  of  eleetrooMignetiBi  b  tbnt  <m  «fffl»iic 
ftrodwcm  a  w¥»gnttHjMd  m  rV  rtgum  romd  o^onl ;  tbis  fleld  mttt 
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whetluT  or  no  there  be  any  iron  or  other  ma^ctic  matcrml  in  the 
region,  though  on  account  of  its  high  permeability  tlic  tendency  of 
such  nrnti^ial  ia  greatly  to  inUmify  the  field.' 

166.  Law  of  Electromagnetic  Polarity.  In  dealing  with  the 
magnetic  action  of  the  current,  it  is  very  often  necessary  to  consider 
the  relation  between  the  direction  of  the  current  and  the  polarity 
acquired  by  a  piece  of  iron  subject  to  its  influence,  the  direction  in 
which  it  deflects  a  magnetic  needle,  or  some  other  allied  jwint.  A 
general  law,  applicable  to  all  such  questions,  is  easily  discovered  by 
experiment,  but  is  given  in  so  many  difi*erent  fonns  by  diff'erent 
writers  that  a  student  is  often  j)uzzled  which  to  choose.  We  shall 
therefore  give  it  in  one  form  only  which  can  be  readily  applied  to  all 
cases,  and  whether  the  wire  carrying  the  current  Ixi  straight  or  in  the 
form  of  a  hoop  or  a  spiral. 

To  ascertain  the  law  let  us  refer  again  to  fig.  92,  p.  181.  Here, 
viewing  the  instrument  from  the  front,  the  current  is  going  clockwise 
round  the  needle,  and  the  north  jwle  of  the  needle  is  shown  as  having 
moved  a\oay  from  ilu  observer.  This  is  precisely  wliat  happens  in 
point  of  fact,  while  if  we  reverse  the  current  the  north  i)ole  of  the 
needle  comes  towards  the  observer.  Neither  is  it  necessary  that  the 
needle  be  in  the  middle  of  the  hoop  or  even  tvitkin  the  hoop  at  all ;  it 
may  be  either  in  front  of  or  behind  it,  and  the  behaviour  is  in  each 
case  indicated  by  the  stiitements  just  made.' 

Now  (§  107),  the  direction  in  which  the  north  pole  of  the  needle 
moves  is  the  (positive)  direction  of  the  lines  of  msignetic  force  :  it  thus 
appears  that  the  hoop  is  threaded  with  lines  of  force,  the  law  being 
that  when  the  current  goes  round  clockwise  these  lines  jxfint  away 
FROM  the  observer^  and  when  counter-clockwise.  Towards  him. 
This  is  called  the  law  of  electromagnetic  polaHty,  and  is  one  of  the 
most  useful  in  the  whole  range  of  physical  science;  the  student 
should  remember  it  not  so  much  in  words  as  by  mental  picturing, 

I  It  shoald  be  noted  that  a  mere  electrostatic  charge,  however  great  or 
however  (strong  its  potential,  procluces  no  magnetic  field  whatever,  A 
chaiged  copper  ball  or  wire  will  neither  magnetise  iron  nor  deflect  a 
oompaM  needle ;  it  is  only  when  the  electricity  is  in  motion  that  we  get 
these  effects. 

•  The  comparatively  unimportant  case  where  the  needle  is  exterior  to  the 
hoop  and  well  to  the  side  of  it  will  be  dealt  with  in  §  109,  when  it  will  bt; 
seen  that  the  law  we  are  now  considering,  when  proi)erIy  interpreted, 
af^ilies  to  all  parts  of  all  kinds  of  electromagnetic  fields. 
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ahmya  AMookUtaff  oumswim  roUtion  with  Artowa  inialiaf  awav 
mom  him,  And  mm  wtm.  Hm  CMpM^*  armr  n«j  h«r»  ainfai  bs 
hvlpful ;  the  tlirwtkm  of  the  enrrait  ii 
the  way  the  «erew-driv«r  gow  roQnd, 
mmI  tho  lines  of  foroe  point  the  way  the 
eofew  moves. 

Snppoee,  now  (fig.  lOOX  we  have  a 
cuneot  cirenkting  chtrkwiiie  roond  e 
copper  wire  or  itrip,  A  H  r  1>  E  FQ,  end 
intrJMlQoe  en  hon  core  K  * ;  the  lines  of 
foree  dearly  enter  the  core  at  the  end 
or  feee  neerest  to  us  end  emerge  at  the  ^^ 
other;  hence,  by  the  Uw  given  in  ^10  A 
the  far  end  o(f  the  core  eoquireM  northiTn,    ^  n«.  wa 

and  ite  neer  end  eonthern  pohuity ;  if 

the  eorrent  be  made  to  go  eonnter^Jockwise  the  pokrities  are  of 
course  reversed. 

167.  Appltoitian  of  the  above  law  to  Spirala.  UnlcM  the 
current  )h*  eztrsine^  stronK  it  in  only  |M>Mtil>K'  Hith  a  single  turn  of 
wire  to  ubtain  a  feeble  magnetic  field.  To  get  strong  effeela  with 
wenk  or  moderate  currents  spinds  are  employed,  and  the  efeetaof  the 
eevend  turns  then  add  togisther  as  eiplained  in  deeling  with  the 
multiple-coil  gslvanometer  ((  141).  The  most  |iowerful  effects  are 
obtained  by  winding  the  spinUs  with  their  coils  close  together  and 
with  numerous  Ups,  in  which  case  the  wire  must  be  **  Insulated,*  i^ 
covered  with  cotton  or  some  other  insulating  material,  otherwise  the 
current  would  short-circuit  from  one  end  to  another  and  not  go  nmnd 
the  coil  at  all 

The  Uw  of  electromagnetic  pohuity  can  easily  be  applied  to  spiiaK 
the  special  point  to  notioe  being  that  ewryikimg  depmdtvpom  tie  waif 
the  eMTval  post  roMnd^  whether  elockwise  or  connterdodnvise ;  the 
question  whether  the  spiral  is  right- or  left-handed  ({ 164)  being  maraly 
inddentsL  Thus  in  fig.  108,  in  either  spiral,  if  the  current  viewed 
from  the  ends  A  be  dockwise,  the  lines  of  foroe  (following  their 
positive  direction)  will  run  through  the  spirals  from  the  bottom  to 

*  The  core  most  be  wtspped  roond  with  s  piece  of  cloCh  er  wlriS  to 
prevent  iu  tonohlag  the  oopper,  otherwise  the  ourreot  woeld  ihoit'Clroell 
tkrtmfk  the  core  iastsad  of  pssriag  rMMitf  it. 
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the  top  of  the  piiffc,  and  if  iron  cores  Imj  plaeed  in  them,  8o  om  to  make 
electronuignetM  (§  168),  the  endn  B  will  Inscome  north  iK>le8  ;  the  only 
difference  will  be  that  in  H  the  cnrrent  will  work   its   way  from 
A  to  B,  and  in  L  from  B  to  A. 
Fig.  110  will  repay  examination.    The  spiral  i.s  a  left-handed  one, 


Fig.  110. 

the  current  viewed  from  the  right-hand  end  is  going  counter-dock- 
wise,  as  indicated  by  the  two  big  arrows,  and  in  accordance  with  the 
law  of  §  166  the  lines  of  force  point  to  the  right,  a.s  shown  by  the 
smill  arrows.' 

It  should  be  noted  that  even  in  the  absence  of  a  core,  a  current- 
carrying  spiral  behaves  in  all  respects  like  a  magnet,  the  end  where 
the  lines  of  force  emerge  from  its  interior  being  its  north  "  pole "  ; 
when  suspended  so  as  to  be  free  to  turn  horizontally,  it  sets  itself  in 
the  magnetic  meridian,  and  its  poles  are  attracted  or  repelled  by  the 
poles  of  a  magnet  or  of  another  spiral  according  to  the  law  of  §  81. 

EXBBCISBS  :— 1.  A  B  is  a  left-haQdc<1  spiral.  The  platinum  terminal  of 
a  Orove  cell  is  conncct«'l  to  the  end  A  and  the  zinc  to  the  end  H,  and  the 
end  A  is  then  held  a  little  distance  west  of  a  compass-needle.  Uow  will 
the  needle  behave  ? 

'  The  stadent  is  strongly  recommended  to  draw  spirals  as  in  fig.  108,  rather 
than  as  in  fig.  1 10 ;  diagrams  of  the  latter  type,  unless  done  in  good 
perspective,  are  apt  to  be  very  c*>nf using.  On  the  other  hand,  by  drawing 
(fig.  108)  the  upper  jmrts  of  the  coils  tliick  an«l  the  lower  thin,  the  nature 
of  the  spiral  is  obvious  at  a  glance. 
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1.  iBtlf  prtotdi^qq— UoBwiMUdMhtww  wmb»— <»  Urn  tod  at  (I) 

m41  IftNI.  (t)  OMl  djBHM-tlMl,  (1)  lM»4  ilMl  b«  lm«04w«l  IMO 1^  i^ 

1  (190f).  A  oollor  Wirt  U  vowid  on  a  flMt  i«bt  tai  Uw 
M  th«  tarns  of  a  riffhuhawtod  oockaoivw.    How  will  a 
alliwua  if  pUoml  (1)  uQUido,  (S)  iBiida  Ibt   Ub«  mmt  Um  Md  wImm  tkm 
oarrnii  kaves  tbo  ooil  f 


Ml  BactromagneU.  TbeM  Imvq  alr«Adj  bwn  coiuidcred 
(f  S4),  and  it  r)ii«'H>  rt'iimimi  <l>  tn  acoeottute  Um  IacI  (f  IIA) 
that  their  gnsal  |iowi*r  t\v\wtv\  the  high  penneAbiUty  of  the 

iron  empkqred  for  tboir  curr'<.  iiablee  them  when  mider  the 

influeooe  o(  tho  current  to  eoqoirv  »  very  heevy  mefnetif  flax,  end 
(8)  to  point  out  certain  facte  regarding  their  winding. 

In  the  caee  of  a  »traiKbt  corv  wound  with  a  nnglc  lap  of  wire,  it  ie 
obriou*  that  the  Rpiral  niu«t  bo  of  tho  aame  kind  all  along  it,  otherwiee 
thore  will  bo  cunnequent  polee  (§  00)  at  the  pointa  when  it  changee 
from  right- to  left' handed  or  Wee  Mimd.  Thia  of  oouiee  means  that  the 
wire  muat  be  wound  the  mme  way  throughout— it  moil  not  kink  back. 

Fig.  Ill  shows  the  proper  way  of  winding  a  horseehoe-mtgnei 
with  a  itiiigle  Up ;  here  again  the  essential 
thing  is  that  tho  spiral  must  be  of  the 
same  kind  throughout    In  tho  figurv  it 
is  right-handed,  and  if  tho  current  ent4.'r 
at  U  and   loave   at    L,   it  will  (win  n 
viowed  f rum  tho  free  ends)  travel  • 
wise  round  tho  limb  A  A',  and  cuuiii< . 
clockwise  round  B  B*,  so  that  A  will 
become  a  m.     '        i  R  a  north  pole.    It 
is  practical  .torial   whether  the 

central  part  A  C  IV  be  wound  or  not ; 
and  it  is  unual  not  to  do  so,  but  to 
bring  the  wire  across  from  A'  to  B*,  and 
it  will  be  seen  that  the  wire  in  passing 
from  A'  to  B*  must  croes  from  the  front 
to  the  back  of  the  horseehoe. 

When  an  electromagnet  has  more  than  one  Up  of  wire,  care  must 
be  taken  to  wind  the  oonseeative  Ups  so  that  their 


fif.  111. 


effecU  eo-opeiate  with  one  another.    Thus,  if  the  coro  ba  staight 
the  current  must  drcuUie  the  same  way  round  all  the  Ups^  aad 

U 
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sinoo  the  current  travel*  from  one  end  A  to  the  other  ]\  along  one 
lap  nixl  hark  from  B  to  A  along  the  next,  this  means  that  tlie  spirals 
mu«t  hi'  alternately  right-  and  left-handed  ;  we  must  therefore  wind 
the  tir.st  lap  one  way  from  A  to  B,  and  then  not  kink  Imck  but 
continue  winding  the  second  lap  the  same  way  from  B  to  A,  and  so 
on  until  all  the  laps  are  completed. 

Sud  may  be  permanently  magnetised  by  passing  a  current  through 
a  spiral  which  surrounds  it ;  indeed  (cf.  §  100),  this  is  by  far  the  best 
way  of  making  large  permanent  magnets. 

The  internal  lines  of  force  of  a  spiral  either  with  or  without  an 
iron  core,  especially  when  closely  wound,  are  practically  straight 
lines  or  curves  parallel  to  the  outline  of  the  spiral,  .ho  that  they 
run  through  it,  with  more  or  less  lateral  leakage,  very  much  like 
those  of  a  permanent  magnet  (cf.  fig.  64,  p.  126).  One  of  the 
best  ways  of  magnetising  a  steel  ring  circumferentially  is  to  wind 
it  with  a  close  spiral  and  pass  a  current,  the  internal  lines  of 
force  then  run  round  the  ring  and  cause  its  molecules  to  set  al^ 
in  fig.  47,  p.  108. 

For  many  puriK)8es  of  electrical  engineering  the  leakage  of  lines 
of  force  along  the  sides  of  an  electromagnet  is  a  serious  matter 
on  the  score  of  economy,  and  to  minimise  it  the  *'  Ironclad  "  type 
of  magnet  is  employed  in  which  the  windings  are  enclosed  in  a 
cylinder  of  soft  iron,  which  by  its  high  permeability  largely 
prevents  the  lines  from  straying  into  the  external  field.  Some 
of  the  beet  ironclad  magnets  have  a  leakage  of  only  about  15 
per  cent.,  whereas  in  an  ordinary  open  wound  one  it  may  amount 
to  60  per  cent. 

Exercise: — Insalated  copper  wire  is  wound  on  a  thin  brass  rod  from 
end  to  end  in  soch  a  way  as  to  form  a  long  spiral,  and  the  ends  of  the  rod 
are  bent  round  until  they  touch  each  other.  If  an  electric  current  is 
passed  round  the  wire,  what  will  be  the  effect  on  a  compass-needle  placed 
close  to  the  spiral  7  Would  the  effect  be  different  if  the  rod  were  of  iron 
instead  of  brass  7    Give  reasons  for  your  answer. 

169.  Application  of  the  Law  of  Electromagnetic  Polarity  to 
cases  not  yet  considered.  Oersted's  Experiment.  Bearing  in 
mind  (§  113)  that  all  complete  lines  of  force  are  closed  curves,  we 
should  expect  the  lines  of  force  of  a  hoop  or  spiral,  after  threading 
through  its  interior,  to  double  back   externally  and    return  into 
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llMiiiaelvet  juU  like  those  of  a  pemieiieiit  mefoel,  m  tiiAt  lif  e 
aNiipMe-iieedie  were  pleoed  on  tbe  lop  of  the  hoop  in  fig,  M 
(pi  IBiy,  iU  noffih  pole  wottM  eone  towmrdM  the  obearw,  or  if 
pUoed  et  the  tide  of  the  ipirml  ia  ««.  11(K  p.  tt4,  iU  north  poU 
wooia  point  to  the  left  This  it  enetly  whet  heppeaa,  end  it 
only  nuneioa  to  eee  how  the  Uw  of  eleettoaieciMde  pokrity  givea 
in  $  166  applies  to  eiieh  oeees.  At  tint  eight  it  eppenre  to  be  am* 
tredicted,  for  (fig.   M)  when  the  current  goee  .4..«.  ^ 

doekwiee  round  the  ring  the  linee  of  force  outiide  *^  ^5 
the  ring  point  towonff  the  obeerver.  But  now 
look  at  fig.  lis.  Let  A  B  be  the  hoop  canying 
a  clockwieo  current,  and  conaider  the  point  P. 
The  field  at  P  ia  mainly  due  to  the  upper  part 
H  K  uf  the  hoop^  and  what  we  muet  repiid  ie  not 
the  rotation  of  the  current  round  the  whole  hoop,  v^^u. 

but  iU  roUtion  rttntipt  to  P.  We  therefore 
tmoffime  the  current  after  traversing  U  K  to  continue  it 
'Wm/  P  along  the  dotte<l  line,  and  it  it  at  once  eeeo,  a 
ly  the  arrows,  that  its  roUtion  relative  to  P  is  ctmnUr-ttoekmse, 
so  that  the  lines  of  force  point  towards  us  in  fulfilment  of  the 
law.  Similar  remarks  apply  to  the  field  at  the  ode  of  a  epiimL 
An  imixMiant  case  to  which  the  nae  idea  appliaa  k  that  of  a 
timigki  wire.    Thus  in  fig.  113,  A  B  is  a  straight  copper  wire 


aet  horiaontally  in  the  magnetic  meridian  with  a  cun«nt  flowing 
along  it  from  south  to  north,  and  we  are  viewing  it  from  the 
weet  side.  The  compass-needle  at  the  left  of  the  diagram  is 
above  the  wire  and  the  imaginary  circuit,  P,  Q,  R,  8h  is  doekwiee, 
so  that  the  north  pole  ol  the  needle  moves  SMlwaid;  ths 
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Fig.  114. 


on  the  riffht  is  below  the  wre,  the  imaj^inary  circuit,  P,  Q,  R,  S„ 

i»  counUT  clock wiae,  and   the   north   pole  moves  westward.    This 

experiment  is  interestinK  from  the 
fact  that  it  is  the  one  originally  made 
by  Oersted,  of  Copenhagen,  in  1819, 
whereby  the  magnetic  action  of  the 
current  was  discovered. 

If  (fig.  114)  we  take  an  horizontal 
piece  of  cardboard  through  wliich  passes 
a  vertical  wire  carrying  a  current, 
sprinkle  iron  filings  on  the  ciird,  and 
gently  tap  it,  the  filings  will  arrange 
themselves  in  circular  curves  round 
the  wire. 
These 
curves  map 
out     the 

lines  of   force  of  the   field,  and   their 

direction    is    determined    by    the    law 

of    electromagnetic    polarity,    as    above 

int<?rpreted ;    this    is    better    shown    in 

fig.  115;  the  current  is  supposed  to  be 

coming  up  through  the  centre  of  the 

card  in  a  direction  perpendicular  to  its 

plane,  and  the  arrows  point  along  the  lines  of  force  at  the  several 

places  indicated. 

1.  A  Tertical  copper  wire  is  mounted  in  a  frame,  and  a  compass-needle 
placed  a  little  to  the  (magnetic)  north  of  it.  A  current  is  now  passed 
along  the  wire  from  bottom  to  top.    How  will  the  needle  behave  7 

2.  Same  as  preceding  question  except  that  the  needle  is  magnetic  n>ett 
of  the  wire  (cf.  2nd  part  of  Ex.  1,  §  123). 

3.  (1890.)  A  wire  through  which  a  current  may  be  passed  is  stretched 
horizontally  in  a  certain  direction  immediately  over  the  centre  of  a  compass- 
needle.  When  a  weak  current  flows  the  needle  is  not  affected,  but  if  the 
current  be  sufficiently  increased  the  needle  swings  round  and  its  north  end 
points  southwards.  Explain  this,  and  state  in  what  direction  the  wire  is 
stretched. 

4.  (1900.)  The  ends  of  a  brass  rod  on  whicn  a  steel  ring  has  been 
slii^Md  are  joined  to  the  poles  of  a  battery.    Is  the  steel  ring  magnetised 


Fig.  115. 
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Uteoraolt 

ft.  (1908.)  A  slrBlgbt  wira  cmnjlng  *  owvwl  U  pbetd  a«w  •  Ikte  io4 
of  iron  (1)  panUlel  to  the  iroo.  <>)  at  rif  bl  uglw  lo  It.  U  Iht  iiw  la 
•ltb«r  MM  oMfooUaed  ?    Uiv«  nMuun*. 

6.  Trovo  tbe  following  mimir  rule  for  the  Uom  of  Ibro*  dn«  to  n 
corrent.    Look  along  ih«  wire  ;  then  if  the  eonvnt  b  flovlnff  nvnj 
you  tbe  podUve  direction  of  the  linee  of  foroe  I0  olookwlMi.  If  Umwde  fam 
it  i«  oounter-dookwiae. 

7.  A  number  of  galira&lo  celU  are  oooaeotod  togtiber  In  n  row  »  m  to 
form  a  battery.  This  row  U  laid  on  a  tabia  to  aa  to  lie  N .  awl  Ml  Tba 
line  is  to  the  N.  Tbe  poke  of  tbe  faattofy  are  coonecKwl  trifitbat  bf  a 
wire,  which  pamee  fh>n  ooe  pole  op  one  wall  of  tbe  voom,  aeroae  tba 
ceiling,  and  down  tbe  opposite  wall  to  tbe  other  pole  of  the  battaty.  How 
will  a  magnetio-needle  be  affected  wbftob  la  plaoad  oadar  Iba  table  aad 
jiut  below  tba  battery  f 

170.  Astatic  OftlTtBOiii«t«n.  In  order  that  a  galTaoooMler  nmf 
\ni  ilvlicato,  it  i.t  neoMaaiy  to  arntnge  matters  90  thai  tiM  needle 
luay  be  affected  aa  eitieA  as  poeiible  by  th  *,  and  aa  liiiU  aa 

IKMsible  by  other  iniliienoeB.    One  way  of  1 1  ^  theae  eoda  ia  to 

i'lnploy  many  turns  of  wire,  and  another  U  to  iiuii|*enil  the  needle  by 
a  fine  silk  thread  so  as  to  SToid  the  friction  of  a  pivot  Finally, 
we  must  abolish  as  much  as  possible  the  earth's  action,  for  which 
purpose  we 
employ  an 
astatic  needle 
($131);  we  thus 
get  an  Attaiie 
Oaivanometer. 
Fig.  116  iihowA 
the  method  of 
wimling.     The  ng.  ui^ 

MiinpIcHt   ar- 

ranK^'inent  is  indicated  in  the  left  hand  diagram,  a ;  here  the  wire 
encircles  the  lower  needle  only.  As  drawn,  the  ctirrent  rehOiTa  lo 
the  lower  needle  ({  ie9)  is  counter-clockwise,  so  that  its  north  pole 
is  urged  towards  us ;  at  the  name  time  the  current  rektive  lo  tbe  upper 
needle  is  elockwiae,  and  its  north  polo  iit  therefoie  nrgsd  awa>'  f run 
us:  both  agMioiee  therefore  urge  the  needle  as  a  whole  the  same  way. 
A  better  mode  of  winding  is  nhown  in  t1u«  riclit-hand  diainam.  6:  the 


^ 


D 
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wire  encircles  both  needles,  but  in  opposite  ways,  so  that  the  current 
flows  clockwise  round  one  and  counter  clockwise  round  the  other; 
the  effect  is  similar  to  that  in  a,  but  stronger,  because,  other  things 
the  same,  the  upper  needle  is  in  a  more  powerful  magnetic  field. 

Fig.  117  exhibits  NobiliH*  Astatic   Galvanometer    The  needle  is 
suspended  by  a  fine  silk  thread  from  an  a^ljustable  screw  ;  the  coils 


Fig.  118. 


encircle  the  lower  needle  only,  and  the  upper  carries  a  pointer,  which 
travels  over  a  cardboard  scale. 

Fig.  118  shows  lyord  Kelvin's  Astatic  or  Mirror  Galvanometer. 
It  has  a  number  of  elaborate  adjustments,  which  render  it  beautifully 
sensitive,  and  yet  very  easy  to  work  with.  Instead  of  a  pointer,  the 
needle  is  attached  to  a  small  mirror,  m.  Fig.  119  indicates  the  method 
of  using  the  instrument.    It  stands  on  a  firm  shelf,  and  in  front  of  it 
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i«  pkMd  ft  pumfln  kunp  uA  grttdnaletl  ttU.  Whm  so  ennmui  b 
INUMiiiK,  i\it)  mirror  fmcm  Uw  m^h.  A  luurow  hmm  of  Itxht  tliinas 
thruugh  ft  «iii  below  the  aoftW,  ftad,  foUowinc  the  dirvctioo  of  Um 
lowr  doCtftd  line,  U  refleeled  ftloof  the  opper,  ftod  fftlb  o«  iht 
middle,  or  **  aefo,"  of  Uie  eoftla    If  ft  eorreoi  be  mw  eeiil 


IK 


L 


ftrt 


ng.  11*. 

tlio  pilv.inotnoter,  the  mirror  swinge  either  to  the  right  or  left,  tiie 
"  H|K>t  of  light "  trftveb  elong  the  acftle,  ftnd  nnlev  the  corraoi  bt 
usceettveljT  wcftk,  foae  off  tlie  eeale  ftllovether.  Hue  ineCnuwat 
enftblee  Hi  to  detact  ftnd  meftaore  ftoeurfttely  currente  of  inooooeivftble 
minutenees— aey,  e  millionth  of  en  ftmp^re. 

171.  Det«etioa  of  Ileetroetatie  Cnrmtt.    H 

(luctoHi  in  ftn  eleetroelfttic  etftte,  but  ftt  diffefeni 

connected,  ft  momentftry  cnrrent  floivft.    If ,  ft«  in  ftn  eledrie 

we  maintain  ft  P.D.,  the  correni  beoomee  continnoaik     WbcClHr 

H  or   not,  such   current«   may  be  ftppropriftteljr  temed 

..V.  ;....uaic   currenta,**  to  distinguish  them  from  the  **eleetfo- 

dyiuunic  currents"  furnished  by  bfttieriee,  dynftmoe,  etc    In  the 

.     .    I      > '-nable  by  electrosUUic  methods  mi^y  be 

lis,**  while  thoee  furnished  by  bntlaries, 

ItoteotaftlsL* 

\N  '  eieetrostfttk  potaotaftls  ftie  veetity 

tftl  bftU  beftten  with  for  mt^ 
I         ,.  olts,  end  ft  good  put* 
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one  of  100,000,  while  a  Grove  cell  gives  less  than  2.  The  diflference 
between  the  currents  is  precisely  the  reverse— electrostatic  currents 
are  VMtljr  wraker  than  electrodynamic  Thus,  while  a  moderate-size 
Grove  cell  on  short  circuit  may  easily  furnish  eight  or  ten  amperes, 
it  is  mucli  if  a  good  plate  niHchine  will  give  iviov  ani})6rc.  A  I^eyden 
jar  will  give  more.  A  charged  metal  ball  may  give  something  under 
si^f  ampere. 

It  is  therefore  impossible  to  detect  an  electrostatic  current  by  any 
ordinary  galvanometer  :  even  a  big  Ix'yden  jar  will  produce  not  the 
least  movement  of  the  needle.  But  the  detection  is  quite  easy  with 
Ix)rd  Kelvin's  astatic.  If  we  connect  one  of  its  terminals,  A,  with  the 
positively  charged  prime  conductor  of  even  a  bad  plate  machine, 
and  the  other,  B,  with  the  rubber  or  the  gas-pipe ;  then  on  slightly 
moving  the  handle,  the  spot  of  light  travels  along  the  scale  in  the 
same  direction  as  if  A  had  been  connected  to  the  copper  and  B  to 
the  zinc  plate  of  a  simple  voltaic  cell.  If,  instead  of  the  machine, 
we  employ  a  charged  metal  ball,  the  8|K)t  will  move  slightly,  the 
movement  being  in  one  or  the  other  direction,  according  as  the 
charge  on  the  ball  is  positive  or  negative.  If  we  place  a  charged 
I>eyden  jar  on  an  insulating  stool,  and  then  connect  its  outer  coat  to 
one  terminal  of  the  galvanometer  and  its  knob  to  the  other,  the 
**  spot "  will  move  very  decidedly ;  in  fact,  unless  the  jar  be  very 
feebly  charged,  there  is  some  danger  of  damaging  the  instrument. 

The  student  should  note  carefully  that  these  experiments,  as  well 
as  those  with  the  condensing  electroscope  (§  140),  established  beyond 
doubt  the  essential  identity  of  the  things  with  which  we  deal  in 
electrostatics  and  electrodynamics. 

EXERCISB :— Describe  ex}>eriment8  whereby  it  is  proved  that  the  ter- 
minals of  a  voltaic  cell  diflfer  electrically  in  the  same  way  as  the  prime 
conductor  and  rubber  of  a  frictional  machine. 

•172.  Mutual  Magnetic   Action  in  Terms  of  Magnetic   Flux: 

Maxwell's  Law.  Consider  the  following  simple  experiment  :  Float  a 
cork  on  water,  place  on  it  a  small  bar  magnet  or  magnetic-needle,  A, 
and  hol4  another  bar  magnet,  B,  horizontally,  with  its  north  pole  near 
A.  Then  A  first  turns  round,  so  that  its  south  pole  faces  the  north  pole 
of  B,  and  then  moves  up  to  and  touches  it.  Of  course  this  follows  from 
the  elementary  law  of  §  81.  But  there  is  another  way  of  looking  at  it. 
When  the  movable  magnet,  A,  has  attoined  its  final  position,  it«  own  lines 
of  force  point  in  as  nearly  as  possible  the  same  direction  as  those  of  the 
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tto  If  dwiit.  m  Itet  M  ■•oh  m  poHlbto  of  ri  tw  pMM*  ihiMfli  A. 
Now  w«  luif*  htm  m  prtMipto  wbtob  appllM  to  all  kto4«  of  i^niii 
aoiloo.  whsilMr  dM  to  HMfMU  or  •looirlo  Mntata,  or  boUi,  tmd  whkk 
oofwo  oMoo  haidlj  within  Ihe  doiMla  of  Iho  riiwiMwy  bw.  nio  pHs- 
dpio  li  known  m  Mmmtfifs  Law,  and  nny  bo  tlww  ilniod  t—  Wkm  hm 

(I)  TMr  WMfmiim  UmM  «/ /•rt^  puimi  ms  mrmHif  ma  f  <li»  <•  fA# 

MM*  Jirp0tUm. 
(J)  JbrA  rirrair  ntitm  m§  om^A  o«  jmtihU  tf  tk0  §ik^§  Jl*> 

la  onglaooring  phwooology  <f  Uth  —  ■>«*r  <m  jiwilh  ^  lAr 
ffAfr't  «■«  ^>W««. 
To  Umoo  clnoioo  ihoold  bo  nddod  :- 
(8)  Tbnl  If  tbo  ciroomolnnooB  be  mioh  no  U>  oomfMl  tho  two  mIo  of 
Unoo  of  foroo  to  point  omio  or  Iom  In  opronmi  dlnotioM,  onoh 
oimoH  toads  to  ombTMo  M  UTTLB  M  pooilblo  of  tho  oIlM^  iu. 
Koroaanplo,  In  tho  fortgotof  osporiawnt  If  wo  placo  tbo  movablo  inni«<« 
A.  witb  Ha  north  polo  teolag  tho  north  polo  of  B,  and  lh«i  bgr  aomo  wanna 
provant  lU  taming  ronnd,  wbllo  atill  laoTlng  it  freo  to  aovo  bodllj.  It  wOl 
rooade  from  B  into  tbo  part  of  tbo  field  wbeio  B*s  flox  la  Ufbtoet. 


r%.  iSiL 


LotoanowooMldorao«oothirphoBoo>anainthoUgiitullUmwall» 
In  fig.  ISO  A  B  la  a  eqnat  aplral  of  fine  ooppar  wire  wboaa  ai 

*  The  word  eirooit  It  hero  need  broadljr  to 

OaiTTlng  a  enrmnt,  or  &  inairn«t. 
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from  terminals  T,  I*  on  a  wooden  stand.'  A  bar  maf^net  is 
placed  horiiontallj  and  pointing  towards  the  spiral ;  supposing  its  north  pole 
towards  the  left,  the  lines  of  foroe  also  point  towards  the  left  as  shown. 
And  the  flux  is  densest  at  the  centre  of  the  magnet,  more  or  less  lateral 
leakage  ($  113)  occurring  between  the  centre  and  the  ends.  We  now  pass 
a  current  round  the  spiral.  Suppose  that  when  viewed  from  the  right  it 
goes  clockwise,  then  (§  16<t)  itn  lines  of  foroe  also  point  to  the  left,  ho  that 
clause  (1)  of  Maxwell's  rule  is  already  satisfied,  and  it  simply  remains  for 
the  spiral  to  obey  clause  (2),  which  it  accordingly  does  by  shuoting  itself 
along  the  magnet  and  coming  to  rest  at  the  middle,  where  it  embraces  as 
much  as  possible  of  the  magnet's  flux. 

If  (re-starting  in  the  position  shown  in  the  flgure)  we  now  reverse  the 
current,  the  lines  of  force  of  the  spiral  will  point  opposite  to  those  of  the 
magnet,  and  in  compliance  with  clause  (1)  the  spiral  will  first  twist  round 
M>  as  to  face  the  other  way  and  then  shoot  on  as  before.  But  if  it  be 
forcibly  prevented  from  twisting  round  while  still  leaving  it  free  to  move  to 

and  fro,  then  it  becomes  a  case  of 
clause  (3),  and  the  sjjiral  moves  as  far 
away  from  the  magnet  as  it  can  get, 
Ko  as  to  embrace  as  littlf  as  possible 
of  the  magnet's  flux. 

Fig.  121  shows  a  somewhat  simpler 

apparatus    for    producing    the    same 

effect;   it  is  known   as  De  I>a  Rive's 

floating  battery.     A   zinc  and   copi)er 

plate  are  fitted  in  a  cork  and  connected 

to  the  ends  of  a  flat  spiral,  the  cork 

is    then    floated    in    dilute    sulphuric 

acid;  a  current  circulates   round   the 

coils  of  the  spiral,  and,  when  a  magnet 

is  held   near  it,   it    behaves  like  the 

"**  "'■  spiral  in   fig.   120.     Also  if  we   place 

two  such  **  batteries "  in  the  same  vessel,  they  will  set  themselves  with 

their  coils  psrallel  and  their  currents  circulating  in  the  same  direction. 

It  should  be  noted  that  the  fact  that  in  any  as.signed  case  the  flux 
through  a  circuit  can  be  different  in  different  positions  im))lics  that  as  the 
circuit  changes  from  one  position  to  another  it  nUt  the  lines  of  force ;  in 
fact,  the  change  of  flux  is  commonly  spoken  of  by  engineers  as  the 
"  number  of  lines  of  force  cut  "  or  the  "  number  of  cuttings."    In  fig.  120, 

'  The  suspending  portions,  TA,  T  h'.  of  the  wire  should  be  much  longer 
than  in  the  diagram,  so  as  to  allow  the  spiral  plenty  of  freedom. 


Alt  iTf.]  lunTtoMAiiinEnuf.  Mi 

ihe  evttinfi btlwMa  Um  Md and  middla  of  Um  omcmc  urn  mnlflmly  4m 

to  UtUnd  l«aluiff« :  If  Uimv  wm«  bo  Meh  kolnif  Ibo  aplml  «o«14  a»t«  vp 

'o  H,  bat  DO  farthar.     In  a  drovmfomiUaUj  mifwirtwii   rii^  llMn  !• 

p)  toakafa.   and    the   (piml    woald   rtoialo   qalto  ■tattnuary 

hraadod  on  oim  of  lu  Umba  or  plaoad  m  aa  to  bo  napabla  of 

ver  iboMiUra  liofr* 

r:a :— 1.  A  narrow  glaM  toba  la  wovad  Willi  a  i^lfsl  of  vtva  aad 
iv»<Kl.    A  oeninU  knltUi^HModlo  la  thaa  pla«ad  wfttk  «M  aad 
>be.    On  laUii^  go  il  tboola  rigbl  la,  aad  tfU/pt  mhm  Ma 
Hiththemiddlaofibataba.    Iiplala  tlik. 

•Hjppor  ringa*  A  and  R.  both  oarrTiag  a  nmool,  of 
ixl  B  movable.     Tbay  ara  plaoad  with  thoir 
%  illol,  and  their  carrenU  cirmUtinf  In  oppoidlo 

,,  aiu  the  behavkwrof  B  (i)  whan  it  ia  free  toaM«<aiB«u 
)  when  it  la  frto  to  mora  to  and  tto^  bat  not  to  tors  tooad. 


HUMMARY  or  MOST  IMFORTAKT  POINTS  IN  CHAPTBR  V. 

1.  DiatittotkMi  batnoaa  elookwiaa  aad  ooontor^olookwiM  roCatioo  (f  lO). 
and  botwaaa  right  aad  laH-haadad  apirala  (f  IM).  In  a  righi-haadad 
•piral  clookwiaa  rolatioo  ia  aiaociatad  with  a  pwdi.  aad  ia  a  laH-haadad 
one  with  a  polL 


t.  Law  of  llalro— gwatJB  FohtfUj,  vfau,  that  whoa  a 
olookwiaa  tha  Uaaa  of  foioa  poial  aaray  tnm  tha 
GOonterKaookwIaa,  towarda  him  (f  166).    AppUoatioa  of  thia  to  afdimla 
(f  1<7)  aad  to  atimight  drooita,  aCo.  (f  1<9). 

8.  Proper  way  of  winding  eleotroaiagBeta  (|  16t). 

4.  Coaftraotkm  aad  daUoaoy  of  Aatatio  OalvaaoBMtata  (|  170). 

5.  Two  waja  of   proriag  the  identity  of  tha  Ihlafi  dealt   with  la 
nadraataiioa  aad  Sleoirodynamica,  via.  (1),  by  tha 
•oope,  (2)  by  the  Aatatio  Qalvaaometer  (H  140. 171). 

C  Maxwairk  Uw,  etpecially  lU  ftrrt  efauaw  (|  IH). 

KXSRCI8B8  ON  CBAPTKR  V. 

1  (1080).  Part   of  a   wire  ia  ooilad  rovad   tha   bolb  of 

pari   rooad   aa   boa   rod.     How   art 
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tbermomatar  and  rod  afleot«d  when  a  cttrrent  is  pawed  through  the  wire, 
and  how  are  the  effects  altered  hy  reversing  the  direction  of  the  current  ? 

8.  (1901.)  If  Tou  were  asked  to  show  that  when  the  two  coatings  of  a 
ohargied  Leydcn  jar  arc  connected  by  a  wire,  a  current  of  electricity  of  the 
same  nature  as  that  produced  by  a  voltaic  cell  passes  through  the  wire, 
bow  would  you  proceed  ? 

3.  (1901.)  A  compass-needle  is  placed  at  the  centre  of  a  vertical  ring  of 
wire.  When  the  plane  of  the  ring  lies  east  and  west  the  needle  is  not 
necessarily  deflected  when  a  current  is  sent  round  the  ring,  but  when  the 
plane  of  the  ring  lies  north  and  south  the  needle  is  deflected  violently, 
Explain  this. 

4.  (1901.)  Describe  the  construction  of  an  astatic  galvanometer.  Give  a 
sketch  of  the  coils  and  needles  in  position,  and  explain  how  to  find  the 
direction  of  the  current  through  the  instrument  by  obsening  the  direction 
of  the  deflection. 

5.  A  rod  of  soft  iron  is  placed  upright  on  a  ttible.  Its  npper  end 
is  surrounded  by  a  coil  of  insulatetl  wire  which  does  not  touch  the  rod. 
When  a  strong  current  goes  through  the  wire,  the  iron  rises  in  the  coil. 
Explain  why. 

6.  One  terminal  of  a  astatic  galvanometer  having  a  coil  made  of  a 
great  many  turns  of  fine  wire,  is  connected  with  the  prime  conductor  of 
an  electrical  machine,  and  the  other  terminal  with  the  rubber  of  the  same 
machine.  When  the  machine  is  worked  the  needle  of  the  galvanometer 
is  deflected.  .Show  how  the  direction  of  the  deflection  dei)cnd«  upon 
which  terminal  of  the  galvanometer  is  connected  with  the  conductor  and 
which  with  the  rubber. 

7.  A  long  copper  wire  covered  with  silk  is  wound  several  times  round 
an  iron  rod.  On  connecting  the  ends  of  the  wire,  one  with  each  terminal 
of  a  Daniell's  battery,  the  iron  rod  becomes  a  magnet.  How  does  the 
direction  of  magnetisation  of  the  iron  (or  the  position  of  its  north-seeking 
and  south-seeking  poles)  depend  upon  how  the  copper  wire  is  wound,  and 
which  end  of  it  is  connected  with  the  copi)er  end  of  the  battery  7  Give  a 
drawing. 

8.  Two  compass-needles  are  arranged  near  each  other  so  that  both  point 
along  the  same  straight  line.  A  wire  connecting  the  platinum  and  zinc 
ends  of  a  battery  is  stretched  vertically  half-way  between  the  needles. 
How  will  the  current  in  the  wire  affect  the  needles,  and  how  will  the  result 
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».  A  win  Um  aofll  Mil  ««■!  (aMgntUe). 
BMdle.    How  b  ibo  dlraeUoD  la  whioii  Iho 
m  tir990  ronoat  flows  throoy h  tbo  wiro  (I)  frooi  wmi  toiMi,  (f)  tnm  «hI 
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la  AfiMo.|MfolHMM>«orMlflo|tporwlfoU 
A  B»  ftrooi  A  10  a    ilow  would  you  wind  U  book  frooi  B  lo  A.  (1) mm 
to  InoKooi.  (S)  ao  M  to  diminUh,  Uio  au«BoUo  oOboM  wbtA  If 
whoa  o  onrreni  U  poMod  throuffh  it  f    IIlotifBlo  joor  oaowor  bj  o 
drawn  oa  tho  Moomittion  that  joo  on  looklaff  at  tbo  «od  B. 

11.  Aoonoat  bi  flowing  throofha  rigid  ooppor  rod.  How  woaldjroa 
pboo  a  oaall  pieoo  of  iioa  wim  with  roopoet  to  it  lo  that  tho  Iroa  m^  bo 
wagnotioad  la  tho  direotioo  of  iu  longth  ?  AaMmii«  tho  dirMHoa  of  tho 
oamal,  italo  whioh  ood  of  tho  iron  will  be  a  oorth  polo. 

IS.  A  oUoag  oloctrio  conoat  flows  throogh  a  ooppor  wii«  whioh 
throQgh  tho  ooatro  of  aa  iroa  riag,  and  ia  at  right  aagloi  to  tho 
tho  riag.    Doaorlbo  tho  augoeiio  atato  of  tho  riag. 


18.  Doicribo  aa  oiporiiBoat  whteh  ahowa  that  ia  tho  obaifiiv  of  a 
i^oadeiwor  bj  ooatact  of  iu  phOoa  with  tho  poloa  of  a  atrai«  batlory.  thafo 
la  a  oorroat  of  olootricity.    Ricplain  wb j  thla  oanoat  ia  oalj 


14.  Acorrentof  oltolrloity  b  pOMod  throagh  a  loag,  ooUid 
wire.    Draw  a  diagram  Ulnatratlng  thti  form  Ami  tllrceiioM  of  tho  llaoa 
of  forco  withio  aad  without  tho  ooil. 


Ifl.  Two  nagaou  are  flimly  attaehod  at  right  aagloo  to  a  wfaa  vUoh  lo 
aoopoadod  oo  that  tho  amgaota  oaa  rocato  ia  a  horfaoatal  dlrootloik  Hm 
magneto  are  pamllel  aad  like  poloa  are  toraod  ia  tho  auao  dliootioa.  Toa 
are  aappUod  with  a  floziblo  wire  throagh  whioh  aa  oloulilu  iiiiMrt  li 
l^aaiag.  aad  are  roqaired  to  dotormiao  (withoat  toaohlag  tho  BHgMli) 
whothor  Ihoy  are  of  oqaal  atreagthn    Doooribo  aad 


Ifl.  A  loiv  otiaight  wire  ia  atretohod  oa  a  table  ia  tho 
magaotic  morldiaa,  aad  a  dip  oirolo,  with  iu  phuio  parallel  to  tho : 
meridian,  b  plaoed  on  tho  table  aoar  to  the  wire  aad  oo  the  weat  aide  of  it. 
Will  the  dip  of  the  noodle  be  altored  whea  aa  oloctrio  oanoat  io 
along  tho  wire  from  aoath  to  aorth  t  aad  if  ao,  bow  T    Oivo  raoooaiL 
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17.  Two  tpinli  of  intaUted  oopper  wire  are  constructed  so  that  one  can 
fllide  freely  innide  the  other.  They  are  placed  horizontally  with  one  end  of 
one  jast  inside  one  end  of  the  other,  and  tndc])endcnt  currents  lutssed 
throogfa  them.  Explain  ynYuii  will  happen  according  as  their  currcnt.s 
circolate  in  the  aame  or  in  opposite  directions. 

18.  (1901.)  Copper  and  platinum  wires  of  the  same  length  and  section 
are  wound  on  two  glass  tubes,  the  coils  being  in  every  respect  alike.  If 
they  are  connected  together,  and  to  a  battery,  so  that  the  same  current 
passejs  through  both,  explain  how  they  will  differ  from  each  other  in  respect 
of  (1)  their  action  on  a  compass  needle,  (2)  their  rise  of  temi)erature. 


A^^\\hit:5  lu  liiK  KAhuc  i>sK8. 


Um  tmmtltuiaiu  ««|j  •!•  iBf«a,  b«l  la  •  199  of  tk«  aiM*  Ml 
•MU,  and  •bM^UMl  ibovM  U  mgHmttf  mmIM  %f  itoi 
mmtMj  glvM  te  aMff*  ovUIm,  ami  ikMlfWMfi 


PART  L— BLECTROSTATICa 

(  M.    (1)  Pmoiioally  nothloff.    (S)  The  oarrot  rvoeivM  •  hmII  oontaeC 
lioOly 


ohMfV.    (3)  fractioaUjr  DoUaiDg.    (4)l'utiiiki(»ldkelwftof  rad. 
IS.    No. 
It.    The  pith  baU  wiU  be  atUaoted  bj  the  giMe  iod«  and  if  the  etoetfii- 

ORtioo  of  the  huter  U  fairly  i«nNig,  will,  aHer  lo«eUaf  it,  be 

repelled. 
Ml    (ORepokloa.    (S)  Attraoiioa. 

n.    (l)TheiiKlia^nibberattraeUtbeglaM.  <t)ThebnnbrMalitlMbiMiL 
M.    (l)MoihiiiK.    (S)Attiaeaoo.    (8) AttCMlioo. 
M.    It  will  bo  aiuaoled. 

BXKBC18B8  OM  CHAPTSB  L-JtLMCTJiOSTATTCgi 
1.  Bee  §  20.    t.  Cooper,  iron,  water,  wood,  silk,  for, 


1.  Bee  I  su.  I.  cooper,  iron,  water,  wood,  stu,  far.  fla«,  air. 
t.  Hold  the  rod  neai  the  ball,  and  eee  if  it  is  repelled  after  loacMw 
rof.  4  16).  4.  See  f  IS.  1.  The  pdr  mufindtd  by  cUk  tteaada  wifl 
iret  be  attraoled  npwarda  to  the  oondnotor,  and  will  aflarwaidi  be 
repelled  from  it,  and  from  each  other ;  the  oCher  pair  will  be  lepelled 
ttam  eaeh  other  without  first  being  attracted  to  the 


i  at.    (i)  Nothing.     ^U\  V'.th{i«.     (lU)  FMeatlal  hiewaw  aero,     (iv) 
Charged  fthnr  !i  a  way  ae  to  prodnce  theia— jiiilllil 


in  both  oon«i<  {\)  8ame  m  (ivl    (vi)  Flow  of  ebcMWly 

from  the  one  of  Uisher  potential,    (vii)  NothiM. 
i  S5.    They  will  at  onoe  ooUapM.  for  by  IViiaon'e  prindple  the 
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$  M.  t.  beat  an  insaUted  metal  ball  with  india-rubber  and  hold  it  over 
the  electroeoope ;  if  the  leaves  diverse  more,  they  are  at  ponitivc 
potential  Bot  if  they  diverge  less,  dlKbargo  the  met4il  ball,  beat 
it  with  fur,  and  again  hold  it  over;  if  now  they  diverge  more, 
they  are  at  negative  potential. 

§  46.     I.  If  B  were  removed  first  the  negative  charge  previously  induced  on 
A  would  escape  to  earth ;  for  if  it  did  not  it  would  maintain  A 
at  free  negative  potential,  which  is  impossible,  since  the  potential 
of  an  earthed  conductor  is  zero. 
S.  No.  S.  No. 


EXERCISES  ON  CHAPTER  \\.— ELECTROSTATICS, 

1.  (1)  Diveige  at   -i-   potential.    (2)  Collapse.    (3)  Diverge  at   - 

potential. 
9.  Squeeze  the  bag,  then  turn  on  the  cock,  then  tarn  it  off  again, 

and  lastly  cease  squeezing. 
3.  (1)  Positive.     (2)  No;  it  was  weaker  (less  strongly  negative),  on 

account  of  the  +  charge  acquired  by  B. 

6.  (1)  Divei^e.     (2)  Collapse.     (3)  Diverge  again. 

7.  First  give  B  a  negative  induced  charge  by  means  of  A,  as  in  §  46, 
then  set  A  aside  and  give  the  electroscope  a  positive  induced 
charge  by  means  of  B. 

8.  (1)  They  will  both  diverge  to  the  same  extent  because  by  Poisson's 
principle  they  both  have  the  same  (induced)  potential.  (2)  When 
touched  by  the  finger  both  acquire  potential  zero  and  their  leaves 
collapse,  but  when  the  finger  is  removed  both  acquire  the  same 
(free)  —  potential  and  again  their  leaves  diverge,  both  to  the 
same  extent. 


%  47.     Up-gradient  as  we  near  the  metal ;  at  the  metal  itself  we  are  at 
the  top  of  the  gradient,  and  remain  on  a  level  all  through  the 
interior  until   we  approach   the   level   of   the   mouth  ;  we  then 
begin  to  go  down,  until  at  a  distance  of,  say,  a  couple  of  feet  the 
potential  is  practically  zero. 
§  60.     1.  Nothing  ;   there   is  no  inductive  displacement,  and  both  balls 
remain  perfectly  neutral. 
S.  (i)  Diverge,    (ii)  Diverge  still  more. 
8.  Yes,  opposite  to  the  cage. 
4.  No. 
%  61      The  charge  of  the  shot  will  be  completely  emptied  into  the  cylinder, 
so  that  it  will  acquire  a  -  charge,  while  the  vessel  will  receive 
no  charge  at  all. 
%  69.    2.  (i)  Do  not  diverge,     (ii)  Diverge  at  +  potential,    (iii)  Diverge 

at  —  potential. 
%  68.     1.  (i)  Diverge,    (ii)  Collapse. 

2.  (i)  They  collapse,    (ii)  They  remain  diverged. 


Ml 

TiMlrdhMaMMMvUl 

by  air. 

<«) 


im.  TM 
at.    Tb« 
M.    1.  (i)  £Hv«|MM«  my  tUfhthr  dwraM 
•kUtsbhr  dMVMMd.    (UT)  IMmgwOT 


t.  TIm  hand,  teiair  an  witbad  randaccor,  wwlriin  Um  poiartiia  of 
Um  Imtw.    An  loMkitod  m«Ul  bOl  woiUd  do  m  lo  mlmt  til  ml 


a.  If  tlM  bodj  nwit  BMtial,  to  «o«ld  ia  m  j  cm 
ooUapM  by  wwikwilng  Um  polillak  of  Um  Imvw. 
f  91.    47iMn 


KXKUci^Kh  ON  CHAPTERS  II.  AND  Ml.- MLKCTBOST ATI Ol 

I.  (1     •  •  '  n.e.    (S)  looiWM.    (<)!>• 

cr<  rtSM. 

t.  h. 
t.  (1 

».    1  ! 

•.6m  4  61. 

T.  8m  ftfr.  1S»  MMl  apply  the  knob  losi  (f  40)  lo  the  ends  A  and  B. 

t.  Rm  «  6S. 


10.  (1)  A  ooodaolor  at  a  oertaln  potontlal    (2)  AnoUm  at  Immr 
poteoUaL 

11.  Hold  a  flrooffly   •*•  ohargad    body  Mar,  to  that  (f  it)  tba 
'  I  of  Um 

11.  SoppoM  the  electrifled  body  4- .    Then  («)  polantJal  of  altolriSad 


DOlaBtial  of  Im  oondoctor  is  -¥ 
^ppoM  the  eleotriflod  body  -i- . 
body  lowered  Tciy  ■UgfaUy  (f  69X  and  that  of 


body  lowered  Tciy  sUgfaUy  (f  69X 
dooior  rabed  (4  41) ;  {h\  of  elactril 
and  of  tttialeotnfled  oooductor  ooal 
Prom  the  aymiDetry  of  the  arraai^ 

are  at  Iba  «»•  poikontial,  and  tbOTsfora,  bj  FniMonlijartoclpla, 
wben  oonaacled  by  a  wire  natkimf  wkmttmr  laaaiag.  Of  oowaa, 
by  indoodTe  dleplaoeinaat  the  rides  of  both  B  and  C  Cartboet 


Ifiod  body  lowered  oonrfdarably, 
oooductor  unaltered. 
IS.  Prom  the  aynunetry  of  the  arnuogamont  it  feOowa  that  B  and  O 


from  A  beoome  ooai]g;ed  one  way.  and  the  aides  nearest  to  A  the 
opposite  way ;  hii  it  i§  thtpoteiUial*^  mmd  n§t  thmt  Utmi  ekmtgm^ 
tkM  dtUrwtimt  ik9  JUnc.  Tbe  poinu  of  B  and  C  where  the  wire 
touches  are  quite  immaterial. 

14.  In  the  first  case,  yes ;  in  the  second,  no.  In  the  fint  oasa  Iha 
netting  acquires  a  certain  potential  and  the  leaves  a  aasaAfr 
indneed  potentiali  tbe  second  case  is  praotioally  that  discwMd 
Inf  fia 

\%,  (i)  The  third  spbero  receives  eonal  and  oppoaita  Impassssd 
potentials  from  tbe  other  two,  ami  iu  aetnal  potanlial  ii  thara- 
foro  MTo.    (ii)  By  indnotive  displacement  the  sUa  of  the  Ihiid 


nhare  nearest  the  ♦  sphere  baoomea  Mgatifaly 
the  other  side  positivrlr 
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§  67.    8.  The  densiiy  li  greatett  on  the  part  of  the  pot  nearest  the  ball, 
and  least  on  the  part  farthest  away. 
S.  It  will  probably  M  least  at  the  point. 

4.  Touching  the  uncharged  ball  reduces  its  potential  to  zero,  and 
thus  steepens  the  potential  —  gradient  between  the  two. 


BXERCISKS   ON    (  IIAITER  Vf.— ELECTROSTATICS, 

1.  The  charge  must  be  free,  and  the  sphere  a  long  way  from  other 
conductors,  and  surrounded  by  nothing  but  dry  air.  There  are 
other  conditions  under  which  it  is  true,  but  these  are  what  is 
commonly  intended. 

8.  ( 1 )  Orange  acquires  a  charge  of  the  same  kind  as  that  of  the 
body.     (2)  Of  the  opposite  kind- 

8.  (1)  B  part  It  discharged.     (2)  D  almost  completely  discharged. 

6.  See  §§  67,  68. 

6.  No  change  until  the  needle  gets  outside  the  pail,  then  fairly 
rapid  discharge  (§§  67,  68). 

7.  See  §  67,  especially  the  case  considered  in  fig.  27. 

8.  This  is  often  loosely  said  to  prove  that  the  electric  density  is 
diminished  by  uncoiling  the  chain  ;  in  reality,  however,  what  it 
shows  is  that  the  potential  its  diminished  (§  36),  or  (since  the 
total  charge  remains  unaltered)  that  the  electrostatic  capacity 
is  increased.  As  a  matter  of  fact  the  density  is  diminished,  but 
to  prove  this  we  must  have  a  different  experiment,  viz.,  one 
with  a  proof  plane  and  a  small  pot  standing  on  another 
electroscope  (§  66). 

9.  Nil 

11.  (1)  No  difference  in  densities,  (2)  Potential  of  B  weaker  than 

that  of  A  (§  58). 
18.  Very  similar    to  question   7  ;    the  diagram   should   be  drawn 

according  to  the  method  of  fig.  25. 


75.      1.  No  difference  whatever. 
8.  No. 
8.  No. 
4.  After  having  made  the  attempt  as  described  in  §  74,  connect  the 

knob  and  outer  coat  by  insulated  discharging  tongs  when  no 

appreciable  spark  will  be  obtained. 


EXERCISES  ON  CHAPTER  \.— ELECTROSTATICS. 

4.  The  capacity  of  the  small  jar  is  less  than  that  of  the  big  one. 
Henoe  by  the  formula  Q  ^  CV  the  potential  of  the  small  jar  is 
(•apposing  the  charge  +  )  hi/fher  than  that  of  the  big  one  ;  the 
spark  then  passes  in  accordance  with  Poisson's  principle. 


Amwwm  TO  ma  bx 

t.  No  «Cmc.   Hm  bmIUm  givM  A  ♦ 

4aelor.  mmI  •  -  olwff*  oa  Um  iMkle  off  ibo 
total  ehM|o  (14  Sfi»  M)  U  nil.    Also  (4  tt) 
Mm  ehMibor  to  tiM  flMDO  M  If  Uik  total 
ii  "ftodi.* 

$  76).    Tbt  iaaor  ooot  of  tlw 
^'k-od. 


PART  1I.-MAGNETI8M. 

$  10.      In  a  borwsboo  oM^pioi  flf.  Sft.  tbo  polto  ara  al  II  ood  8 ;  llta 
•inploil  wmv  to  to  soflpMid  iho  m^Bol  by  a  Ihwad  itod  to  tlia 


mlddtoof  tbo  bond  when  it  hangi  with  ita  potoi  ilownwanto  aad 
oooMo  to  rMt  wllh  N  tow«nlii  th«»  north. 
ftt.      DimlntobH, 

BXIBC1BB8  ON  CIIAlTRa  l.—MAay£TJSM. 

1.  Boo  §81. 

t.  A  temporary  iBagBOl»  Ito  oods  of  oppodto  potoritj  to  tboM  off 

the  bar  mafoot  rwDOOtivoly  bolow  taom. 
S.  The  faaU&lto  off ;  Um  IndooUvo  aoCioo  of  tbo  aoath  pota  oa  tiM 


YmW  ooQOtoraot  that  of  tbo  north  polo  (f  8Si 
4.  (I)  FWltooff;  ct  ptooodtoy  qaoatfaa.    (S)  Tbo 

of  the  toatb  poto  aarfota  thai  off  tbo  aortb,  wmA  Ibo 

the  ball  Ugbter.    BatattboMMttoMtboaoatbpolaaitaaotail. 

and  if  near  oaoafb  may  paint  off,  too  woifbl  of  < 
1.  BeeCas. 

t.  No.  it  wUl  bo  toM  :  MO  f  W. 
7.  It  will  more  towarda  tbo  Iroo :  f  M. 


t.  Tbo  deffaotton  baoooMa  laH :  too  f  8S. 


0.  Hold  a  oompaM  aiiidto  aaar  tba  rod,  and  brta«  H 
downwarda  aBtU  a  poial  to  foaad  wbtob  attaaota 
oitbor  polo  of  tbo  Boedto;  thto  point  (f  8S)  to  tbo 
of  tbo  rod. 


$  M.  &  No ;  tbo  aM>looalar  riglditj  of  the  itoal  woald  pcvraat  ita 
molaoator  obatei  oponiaf  aa  abown  in  tbo  koapar  fy.  49.  No.  8. 

4  88.  8.  Ttattbaandaoarfalo  fa<<yM^to<r /»a<al>  by  a  ootapaai  niadb 
aaiaf  88. 

BXIROI8I8  ON  CHAITBR  Ih-MAGXMTISM. 

4.  8oo  kat  poiMinpb  of  |MK 

8.  If  ai  tbamJddto  tbo  two  ftaotaiod  teota  wlU  h«i«  tkt  mm 
r.if 
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t.  The  Htecl  rod  will  become  magnetiaed,  bnt  the  iron  will,  m  80on 

at  the  magnet  ia  removed,  become  neutral :  the  rent  foUowg 

from  6  82. 

10.  Thia  la  practically  a 

(aee  §  92). 


case  of  circumferential   magnetisation 


§  100.  1.  See  fig.  A  appended, 
t.  See  fig.  B  appended, 
t.  See  fig.  C  appended. 


Fig.  A. 


Fig.  B. 


Fig.  C. 


§  110.  Both  itfl  ends  will  acquire  southern  and  its  central  portion  northern 
polarity. 

§'116.  2.  The  deflection  is  less  with  the  iron.  We  may  regard  it  from  two 
points  of  view  ;  we  may  say  (1)  that  by  induction  each  end  of 
the  bar  acquires  polarity  opposite  to  that  of  the  end  of  the 
ma^et  which  it  overlaps,  so  that  the  two  oppose  each  others' 
action  in  the  external  field ;  or  (2)  that  the  lines  of  force  that 
issue  from  the  north  pole  of  the  magnet  have  to  work  their  way 
round  into  its  south  pole,  and  according  to  the  principle  of 
least  reluctance,  make  a  sharp  turn  round  through  the  iron  bar 
ruthcr  than  Ulikin^  a  jonmey  through  the  air-field. 


to  Tm 

t.  ThktobiilmtelaMlftmiiilMpoteiofviMroria.  Whmflb» 
IroB  to  oa  ooiy  000  pote,  tlM  lUfM  o(  fop»  !•  tgwrnUta^  htm 
Uw BOftli  to tiM  Mwth  poto  oTUm MMPM  vwild Ml " pite mmIi * 
bjfoliv  Ihffoafb  m  M  tiMf  11111  hftfw  AooHldflBhlt  ilMifM*  !• 
tmmH, mwl  MMipdiMir  llMy  do  Ml  am«d  MMk  iMoftTw  tf 
tlM3ritaitlofotluo«ihll,lMkoMalllMiU«;  talwlMitli* 
liOB  ooBMete  both  polat  Omt  CM  BllofHlMr  avoid  M I 
bgr  fotaif  thioMh  It  ■noowCiiifly  Umjt  owvd  lato  ll« 
•  BBMb  dnMrms  Mid  euiitiMidlmly  gflf  altm 
I  IIT.    Tbo  apwtaio  or  Iho  pip*  >• 


•IrwJMnMj 
^     9«d  Irtoll 

ootrMpoadlofl J I 


KXBIIC18B8  OS  CUAFTKR  llL-MAOJfMTISM, 

1.  DimlnUliod.    See  f  US. 

t.  rtfi.  65.  6«.  wiU  aftoffd  eMgeeUoM.    Tbera  are 
depaadtag  opoo  how  Ihe  pcSe  are  anaafed. 

t.  rr.  te .  €7. 

4.  (1)  SoTl  faron  being  highly  Demeable  diawe  piMUoallj  all  tkm 
flux  Into  ilMlf,  90  that  the  OliagB  over  tho  air««paoe  heyoad  the 
polee  will  ccaee  to  anaage  thrmaelvee  io  dednile  eaiiee. 
(S)  The  permeability  of  ordinary  iCeel  U  lair|T  high.  hm. 
dieiiBotlyleee  than  that  of  ion  iron,  MtlMU  more  of  the  tax  will 
he leflin  the air^paoe aad  there  wlU  etOl  be  eove  ean 
it,  tho^  fewer  thaa  bafdra.  (S)  The  pefiaeaMlHy  of 
belMpractioally  the  mum  aa  that  of  air.  the 
DO  elleot. 

1.  In  order  that  the  Haia  oflbree  emanaling  froai 
nay  paM  throi^  the  bar  la  the  direotloa  of  ita 
toad  to  eead  Ihe  awleoalee  aa  aearly  ae  poerfbb  laagthwaya. 

t.  (L)  Tbe  aeedle  wIM  be  eqaeaad  m  la  ffc.  H  aad  ha  ManHmHy 
bythamagaet.  (U.)  Here  i^ala  the  awdia vfll  ha 
We  to  eaiUy  asplaiaed  by  the  priaoiple  of  toaA 
oe(f  Hi);  IheHaaiofioroeoftheiBMBethavelogil 
ftan  ita  north  to  iu  aoalh  pole,  aad  H  will  be  -bee  troahto'lor 
them  to  work  their  way  roond  thnragh  the  lioa  tlma  throagh 
the  external  air. 

7.  The  field  wUl  be  gradoaUy  alreivlheaad  aatU  whw  the 
toooh  it  beoonee  equal  to  the  ialenaU  laid;  ooaipaia  I 
of  gradoally  approaohlag  the  opporile  poke  o(  Ivo  bar 


I  IM.  1.  (1)  Tbe  aaedla  wiU  nol  mora  (S)  Svecythtag  depMde  ma 
ihe  iabUl«ailiai«lhe  of  Iho  earths  Utooaial  field  aad  the  M 
dMiolhemanelalthapiaoawlMalheaeedtotokKaiod.    If 


10  Ihe  magael  al  the  piaoa  wIm*  Ihe  aeadto  to  tocaiod.    If 
lailh'e  field  to  the  eyw^wl  the  aeedto  wiU  aol  BH^ee.  bal 
if  the  magnet'*  field  to  the  etrooMt  it  wiU  amhe  a  eumplela 
half -torn  aad  set  with  iU  aoflh  pole  poiatlag  amgaetin  aoalh. 


846  AMIWIBB,  TO  THE  BXKR0I8M. 


§  lf7.    At  anj  place  od  the  BMgBetlo  equator. 


§  180.  4.  (1)  The  north  pole  of  the  oompaM  is  deflect«d,  more  or  less 
townnlii  the  west  (2)  The  needle  ia  either  uoaflFected  or  turns 
with  iu  north  pole  towards  the  south,  aooording  to  the  strength 
of  the  polarity  acquired  by  the 


BXERCI8E8  ON  CHAPTER  IV-MAGNBTI8M. 

1.  See  $  122. 

5.  See  $  124. 

6.  See  $$  124.  129. 

8.  Supposing  that  by  "  cast "  and  "  west "  is  meant  viagnetic  east 
and  west,  it  is  in  the  original  position  simply  attmctod  owing 
to  inductive  action  from  the  needle,  while  in  the  final  it  ^ 
repelled,  A  having  become  a  north  pole  by  the  inductive  action 
of  the  earth. 

9.  Dip  decreased  in  both  cases  and  in  either  hemisphere. 

10.  8ee  §  116. 

11.  Compass  should  of  course  point  (magnetic)  north.  In  (1)  it 
deviates  somewhat  towards  the  west,  in  (2)  towanls  the  east. 

12.  (1)  Suspend  so  that  it  can  turn  horizontally,  and  note  the 
direction  along  which  it  sets.  (2)  Suspend  so  that  it  can  turn 
freely  ;  then,  if  you  are  in  the  northern  hemisphere,  the  north 
lies  in  the  direction  of  the  end  that  slopes  downwards.  If  you 
don't  know  which  hemisphere  you  are  in,  you  must  make 
preliminary  inquiries. 

15.  As  explained  in  §  125  it  sets  vertically  by  virtue  of  the  vertical 
component  of  the  earth's  force,  but  at  the  magnetic  equator  this 
vertical  component  is  nil. 

16.  See  §  12a 

17.  Increased  in  both  hemispheres. 

18.  Cf.  latter  part  of  §  131. 

19.  It  will  be  astatic. 


PART  III.-ELECTRODYNAMICS. 

$  1S4.     2.  Precisely  the  same  action  as  in  question   I,  except   that  the 
current,  instead  of  going  through  the  wire,  will  pass  direct  from 
the  copper  to  the  zinc  at  the  place  where  they  touch. 
§  186.     B  has  three  times  the  resistance  of  A. 
§  186.     1.  3  amperes. 
2.  GTi}  ohms. 
8.  2^  volts. 


TO 

(S)  e  •  T|  uauAnw.  T.P.D.  •  S  ««4u. 
t.  (I)  t  roll,  (U)  14  volte 

4.  (i)  I  oini^'rv.  (ih  122  %..Ii..  (ithCl  tolU. (Iv) t^  fa 
«  t  aJltffMl:  idm  Um 


Ohm'*  Uw  lU  ewfMl  b  Ml 


7  Tlw  workUtf  U  m  follow*:    UC   I  dMote   IW 

h  ii  r.  oi  Um  biiltefj.  tW  by  oqMlkNi  (U)  |  Mi  «•  Im«« 


l.JL;.'.  B-«.    N«st  IH  •  lUaolo  llw  rHfalHM*  of  IW 

wire  CD,  then  agmin  bj  wiwlioii  (Ui).  A  - 1-~  - :  •  %  1  >»  '  •  100 : 

.-.  «-199. 
a.  lOSrolU. 
fl41.    1.  (KSaapAra. 

a.  The  reeifUaoe  of  the  eoQ  is  ti  tiaoe  th»l  ol  the  lei*  of  the 
obwH.  Prooeed  ihoe:  Let  B  be  the  B.1IT.  of  tlw  edl. #  the 
write  ace  oflheooU.  MidUthatorilMfMlolIlM  eimrfl 
indndliv  the  oeU  ami  giUvMMMteter.    Tbea  by  Ohnli  lew  Ike 

coirent  withoot  Ihe  coU  b  '  and  with  the  coil  ^  '>.     BoMe 

bythetenBeoftheqaeeaoii^-i.g-!--»  V;  <^^-J|*-  V; 

.*.  SB  •*>  a^  -  lOR;  .*.  Xe  -  7B;  .*.  «  -  t\U. 
4  141.    NU. 
4  lit.    1.  S8  volte. 

t.  1# ;  the  eeU  pot  in  the  wrooa  way  ie  aaid  to  be  la 


to  the  olhere.  and  ite  B.lf  .F.  eabliaela  laelead  of  addiaB. 
f.  U  win  be  leai,  beoaaae  m  enlalBed  la  f  1»  the  T>.D.  oa 
okMad  dioait  ie  le«  thaa  the  B.^.r. 


t,  HU  M>P^:  ahoatl-CQStlaeaaegraat. 
y.  A aaiptee;  nearly  10  timee ae  fraat. 
t.  (aaamptee;  6  trolt«. 
•.  Ooe-thifd  ae  mat. 
la.  Oonpare  the  B.ll.F/e  by  the  oondenrim 


ON  GBAFniBS  I.  AKD  U^MLaCTMODYXAMtCSi 

t.  It  woald  beoooM  a  dnuile  oelL 
Boaollon 


4  There  woald  be  no  aolion  whatover. 
t.  flea  4  161,  paiafiaph  above  Itx.  6w 

il  With  alaolfoaoope  no  dtlMOMe:  with  ^-  v- 

the  bif  oellB  gifa  %  dwiMy  W^um  JiJiPilii ;  with 
ieally  no  ilifcieai  i.     (Wee 


BqmHoB  I.  |  in.) 
T.  (1)  '876  ampere,    (t)  109376 


S48  AMBWnS  TO  THB 

t.  No  diflerenoe  whatever,  becftoae  in  both  oaeef  the  B.M.F.  and 
total  retUtanoe  are  the  tame,  and  therefore  by  Ohm's  law  the 
current  Ui  the  nune. 
9.  The  north  ]h>1o  will  be  deflected  westward ;  the  reason  is  that 
the  zinc  phitc  is  replaced  by  platinum,  the  dirret  K.M.F.  of  the 
cell  is  taken  away,  and  there  remains  nothing  but  the  back 
B.M.F.,  which  sends  a  current  the  opposite  way  round  the 
galvanometer  coils  (see  footnote,  p.  182). 

10.  If  it  branches  the  Mai  current  will  still  be  the  same  throughout, 
thus  if  the  poles  be  connected  by  two  wires  the  current  in  th4S 
two  ujirea  togrthrr  will  be  the  same  as  in  the  battery ;  there 
might,  for  example,  be  2  amp6res  in  one  wire,  5  in  the  other,  and 
7  in  the  battery. 

li.  Cf.  Ex.  3,  §  151 ;  the  two  cells  are  in  opposition,  and  since 
their  E.M.F.'s  are  equal,  the  E.M.F.  of  the  combination  is  nil, 
hence  by  Ohm's  law  no  current  passes.  Cells  in  opposition  will 
be  more  fully  dealt  with  in  §  161. 

15.  Yes ;  the  jwtcntial  of  the  insulated  plate  just  before  lifting  the 
earth  plate  will  be  that  of  the  terminal  Uut  timchedy  hence  the 
order  B  A  will  give  the  greater  divergence. 

16.  Use  a  large  number,  say  50  to  100  cells  in  series,  so  as  to  get  the 
requisite  E.M.F. 


§  162.     7,300,  26,280,000. 

§  168.     1.  6  n.P.  very  nearly. 

2.  £7  10*. 

3.  137-5  H.P. ;  1230-9  B  O  T  U. 

4.  500  volts. 

6.  9*.  lOrf. ;  about  }rf. 
§  164.     1.  162,000. 

2.  10  amperes. 
§  167.     2.  1}  watts;  rK  H.P. 
8.  \  ohm. 
4.  900  flashes. 
§  168.  The  same  as  in  a  properly  made  Daniell,  except  that  there  is  a  great 

waste  of  zinc  both  when  the  cell  is  in  use  and  when  it  is  not. 
§  160.     1.  11^0,  +  H,0  -  H-  +  H  80,  +  O. 

2.  The  end  of  the  rod  whicn  the  current  strikes  will  become  coated 
with  a  film  of  finely  divided  copper  and  the  other  end  with  a 
film  of  copper  oxide. 
§  161.  1.  Yes.  A  current  would  flow  from  the  platinum  to  the  copper, 
thence  through  the  Daniell  to  the  zinc,  thence  to  the  Grove 
zinc,  and  thence  through  the  Grove  back  to  the  platinum. 
2.  The  Daniells  give  their  natural  and  the  Grove  its  reversed 
action :  in  the  latter  hydrogen  or  zinc  is  deposited  on  the  zinc 
plate,  while  oxygen  is  liberated  on  the  platinum  plate.  -25 
ampere ;  '625  joule. 


1.  0)^0(1 1^) :  (>)  Tb«  tbto  win  gtU  hoUm  (f  iU) 
f.  Tbo  inm  bM  tb«  higbar  ipMUb)  rwirtanot  aad 


TO  THE 

BxiBomn  OH  OHArriRfi  iii.  akd  iv.i  MiMcrMODryAMirH. 

1.(1)] 

Tbo 

boU«r  (H  ia&,  IftB). 
6.  (UUrr  |«rt).    8m  |  IflO  ud  laM  pir.  ol  f  IM. 
9l  (i)No(4  134);   (2)  Hm  Ibia  «m1  gM«  bol|«r  <4  lUX 
11.  SMflftK.    Bydroicen  will  bo  ffivM  off  fitMi  boib  rod*.  b«l  ftfter 

tbo  CuBO,  b  poaivd  In  it  will  oppoor  on  Ibo  iIm  rod  ooly. 
Ifl.  Foor-flfiba  00  greot. 
It.  Tbo  two  t«ffolbMr  woald  bovo  no  R.lf.r.  (f  161X  oad  tboiofan 

if  iVr  oImm  ooofltitoto  tbo  oiroQit  tboro  woold  bo  oo  owioal. 

If  tboro  woro  otber  ooUs  in  tbo  dfooit  tboy  wtmii  oMoly  offior 


14  (Ijl'S.    (S)7n'«.    (3)  UM  vory  bovIj  ;  nmiij-OlU 

powor. 
14  An  oltoniatiagoorrBnt  io  owo  wbooodlrootioa  ondorfooo  iwllaaol 

ropid  roforwiio;  eooooqoootlj  ii  will  not  prodooo  oioBlro||ofa 

olnoo  OTory  boot  rotorwo  tbo  offbet  of  tbo  prooodiaf  boot.    Amy 

toltnmotf  will  tborofon  oorvo  oo  a  toot. 


AH) 


§  167.     1.  Tbo  Dortb  pole  will  moto  eootwordo. 
Boino  ollect  bot  moob  •troofor. 
Aboot  oomo  oo  witb  ooft  iron. 
^'  '  ^  itroBf  00  ooH  iron. 
S  lobovwr  ond  of  tbo  opiiml  tbo  aurcat  oalon.  tbo  Mrtb 

lio  Modlo  pdAU  owny  tnm  tbo  odddlo  of  tbo  tobo. 
ihtto. 
tbor  broM  or  iron  bo  itood,  tbo  Uimo  of  forae  nm 


feroationj  opd  tbo  riag  boo  oo  ofbct  oo  tbo  noodk,  oaoopllbi 


tbo  0000  of  tbo  iron  riaf )  for  tbo  iDdwtlvo  Mtte  of  tbo 


f  IM.    1.  Nortb  pdo  oiofoo  wootword. 

t.  If  tbo  oonoat  io  otroog  oooacb  tbo  ooedlo  owiago 

Nortb  pole  pointo  oootbwonlo,  otborwioo  it  dooo  not  mow. 
4  The  wiro  io  otretobod  BMHBOtie  ooot  owl  woot,  oad  tJM  oofteot 

flowo  okNig  it  fkWB  ooot  to  wooL 
4  Tbo  ring  io  moipMtfood  oimunforontloUjr ;  to  tool,  it  »«ot  bo 

cot  a  n% 


4  (1)  Verj  fooblo  oSdo  pokrity  (f  116). 

(S)  Mogpotioed  lengtbwoj*. 
T.  TIm  nortb  polo  will  move  eootwnrd. 

BXBRaSBS  ON  CHAPTBR  V.—KLKCTRODTSAMtm 

4  8ee  lUxwoU*k  faiw. 
4  (1)  NooOmI. 

(9)  Noftb  polo  t«mo  to  tbo  ooatb. 


250  AHBWBB  TO  THE 

10.  866  6  168. 

11.  Cf.  Ex.  5,  &  lfi9. 

11.  Magnetised  circamferontiAlly. 

It.  Place  a  Kelvin  Astatic  in  the  circuit.  The  reason  the  current  is 
only  moroentarj  is  that  there  is  no  oondncting  path  from  one 
pole  of  the  battery  to  the  other ;  a  current  niercTy  flnwH  between 
each  pole  and  the  plate  thereto  connected  until  the  pole  and 
plate  aoqaire  the  same  potential,  and  then  ceases. 

15.  Hold  the  wire  horizontally  parallel  to  the  magnets  and  midway 
between  them  ;  if  they  are  of  equal  strength  they  will  not  move. 

16.  Yes,  in  all  localities  the  north  pole  will  move  upwards. 

17.  See  Maxwell's  law. 

18.  (i)  The  strength  of  the  electromagnetic  field  depends  only  on 
the  current  and  on  the  size  and  form  of  the  spiral,  hence  the 
action  of  the  nee<Ue  is  the  same  in  both  cases. 

(ii)  The  platinum   becomes  hotter  on  account  of  its  higher 
8|)ecific  resistance  (§  155). 
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EXAMINATION  PAPERS 

IN  FIRST  STAGE  MAGNETISM  AND  ELECTRICITY. 

iSet  bjf  the  Board  of  Education,  Secondary  Branch.) 

1900. 
Magnetitm. 

1.  Hotr  would  you  place  a  rod  of  soft  iron  for  it  (i)  not  to  be  mag- 
netised, (ii)  to  be  magnetifled  as  much  as  poosible,  along  its  length  by 
the  earth's  inductive  action  P    Give  your  reasons.  (12) 

2.  Describe  and  explain  the  movement  of  a  small  compass  needle 
placed  in  the  middle  of  a  horizontal  circle  round  which  the  north 
]K>le  of  a  long  vertical  magnet  is  carried,  which  produces  at  the  centre 
of  the  circle  a  magnetic  field  less  strong  than  that  of  the  earth.        (12) 

3.  Two  rods  of  the  same  size,  one  of  soft  iron  and  the  other  of  hard 
steel,  are  each  rubbed  from  end  to  end  with  one  pole  of  a  strong  bar 
magnet.  How  will  the  rods  afifect  a  compass  needle  to  which  they 
sre  successively  brought  near  P  (12) 

4.  Two  equal  magnets  of  the  same  strength  are  placed  on  a  hori- 
zontal  table  parallel  to  each  other  and  perpendicular  to  the  line 
joining  their  centres  with  similar  poles  in  opposite  directions. 
What  changes  would  take  place  in  the  magnetic  field  produced  by 
them  close  to  the  surfiice  of  the  table  if  they  were  gradually  moved 
parallel  to  themselves  until  they  wore  in  contact  along  the  whole  of 
their  lengths  ?  Give  diagram-s  showing  how  your  statements  might 
be  tested  by  means  of  iron  filings.  (13) 

Frictional  Electricity. 

5.  Given  two  insulited  metal  spheres  A  and  B,  of  which  A  is  charged 
with  positive  electricity  and  B  is  uncharged,  show  how  a  positive 
charge  may  be  communicated  to  a  gold-leaf  electroscope  by  means  of 
A  and  B  without  A  losing  any  of  its  charge.  (18) 

6.  An  excited  rod  of  sealing-wax  is  held  about  one  inch  from  the 
wall  of  a  room  which  may  be  regarded  as  a  conductor.  A  proof  plane 
it  made  to  touch  the  part  of  the  wall  nearest  the  sealing-wax  and  is 
then  carefully  removed  to  a  distance.  What  is  now  the  electric  state 
of  the  proof  plane  as  regards  charge  and  potential?  (12) 

7.  Explain  the  action  of  the  points  on  the  prime  conductor  of  an 
electrical  machine.  What  experimental  result  can  yon  quote  in  favonr 
ol  your  explanation  ?  (12) 
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10.  How  would  joa  provo  txp«iatalall/  IhU  tht  ilniiiuil  tts* 
dition  it  not  the  tuno  for  two  oopp«r  wiitt  coaa«l>d  r  tpmtJily 
nith  m  pitot  of  sine  and  a  pitot  of  plaiinoai^  whta  tho  pkHaan 
and  nao  both  dip  in  tht  itaM  TOMtl  of  talpharie  tddf  (1^ 

11.  An  tloctric  currant  it  pttttd  throagh  a  oopp«  wirv  wUah  it 
ooOtd  in  a  helix.  MThat  ehanftt  art  thttabj  piudacad  ia  Iho  oob* 
dition  of  tho  wirt?  (IS) 

la.  Thttadtolabmtrtdtawhichatlotl  ring  hat  hota  tUppad 
art  jotntdtotho  polttof  arollaie  batttiy.  It  tht  itttl  lii^  BMg- 
nttlttdbfthtptMCtofthtoamatthrtmchthtrMlP  How  wiQ  ^o« 
tottwhtthtritfaioraoir  (IS) 

IS.  Thtpoletof  a  roltaio  battory  art  joiatJ  to  fho  mmU  of  a  chaia 
ronpotadof  aUtnwttUnktof  iiMoandoopp4Y.  It  it  aolktd  that  IW  tma 
Unlet bteomtbottorthaa  tht  copptf  Unlet.  Howdojoaotplaiathbr  (IS) 

1 4.  An  electric  contot  paane  thfuof h  a  hnritnatal  witm  whkh  mat 
north  and  MMstb,  aad  ortr  whidi  a  tauU  rnnip—  it  plaoMt  Ihaw 
aad  explain  a  diagram  lUuttrttiag  tht  cotwHtinat  whMi  dttnUae  the 
potition  taken  up  bjf  the  needle.  (IS) 

Jtmtm.—l.  (I)  Ptrpeadicttlar  to,  (2)  in  the  line  of,  dip. 

e    Both  art  poeitire.      t.    (1)   No  charge,   potential   poaitire;   (S) 

pottatitl  btcenwt  ttro,  rhtrg«  negatirt. 
t.  (I)    No  rttolt:   (S)  the  leaves  divergt    with  potitirt  electHdtj  ; 

(S)  eoUapae.     11.  (I)  It  bcht%^  at  a  aatgatt;  {t)  k  httbd. 
IS.  (1)  Yee.    (S)  Break  it  into  eeparalt  bila. 
It.  Tht  iron  Unkt  havo  tht  grtaltr  itrfrtfriii'. 
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1903. 

Mafnetitm, 

1 .  A  bar  mugnet  lying  on  a  table  about  a  foot  from  a  compnss  neodlo 
produces  a  certain  deflection  of  the  noodle.  How  is  the  denection 
altered  (if  at  all)  when  an  iron  bar  the  same  sue  and  shape  as  the 
tnagnet  is  placed  on  the  top  of  the  magnet  f  (12) 

2.  A.  glass  tube  AB  nearly  full  of  steel  filings  is  stroked  from  the 
«nd  ^  to  i?  by  the  north  pole  of  a  strong  magnet.  What  will  be  the 
effect  produced  when  AB  i»  brought  noar  a  freely  suspended  magneto 
What  change  will  be  produced  by  shaking  the  tube  P  (12) 

3.  A  tall  iron  mast  is  just  forward  of  the  compass  of  a  wooden  ship ; 
explain  how  this  will  affect  the  direction  of  the  compass  when  the  ship 
is  sailing  (1)  to  the  cast,  (2)  to  the  north,  in  the  northern  hemisphere. 

(12) 

4.  In  England  a  dip  needle  swinging  in  a  plane  perpendicular  to 
the  magnetic  meridian  returns  to  a  vertical  position  when  deflected  from 
it,  but  does  not  do  so  at  the  magnetic  equator.     Explain   this.     (12) 

Frietional  EUetricit^. 

6.  How  would  you  show  that  a  piece  of  metal  when  rubbed  with 
flannel  is  charged  with  electricity,  and  how  would  you  test  whether 
the  charge  is  positive  or  negative  f  (12) 

6.  A  charged  insulated  conductor  A  is  surrounded  by  a  closed  metallic 
box ;  what  experiment  would  you  make  to  show  that  the  charge  on 
the  inside  of  the  box  is  equal  and  opposite  to  that  on  the  conductor? 

(12) 

7.  The  case  surrounding  the  gold  leaves  of  an  electrosoope  is 
tnade  of  metal  with  glass  windows.  When  the  instrument  is  placed 
uD  an  insulating  stand  and  the  caae  charged  with  electricity,  is 
there  any  divergence  of  the  leavei  P  When  the  instrument  is  placed 
inside  an  ininlated  and  charged  metal  vessel,  is  there  any  divergence  P 
Give  reasona  for  your  answers.  (13) 
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Magitftisin. 

1.  Kxpl.un  what  is  moant  by  magirctic  inductinn  or  ivjlueixce. 
Give  a  skrtch  showing  how  the  linos  of  magnotic  force  in  a  room 
would  bo  disturbed  by  the  introduction  of  a  large  vertical  pillar 
of  soft  iron.  (12) 

3.  An  iron  rod  is  very  feebly  magnetized.  When  its  north  pole 
is  two  inches  from  the  north  pole  of  a  compass  needle,  repulsion 
takes  place.  When  the  distance  is  reduced  to  half  an  inch,  the 
polee  attract  each  other.     Explain  this.  (18) 

8.  A  sensitive  compass  needle  is  placed  at  a  distance  of  2  feet 
from  the  centre  of  a  bar  magnet  and  equidistant  from  either  pole. 
What  is  the  effect  on  the  needle  (1)  when  the  bar  lies  along  the 
magnetic  meridian,  (2)  when  the  bar  is  perpendicular  to  the 
meridian  ?  (12) 

4.  A  dip  needle  in  England  is  loaded  so  that  when  disturbed 
it  oscillates  about  a  horizontal  position.  How  will  it  behave  when 
taken  to  the  equator  if  the  load  is  not  altered?  (12) 

Frictional  Electricity. 

6.  How  could  you  show  (1)  that  the  potential  at  a  point  on  the 
inside  of  a  conductor  is  the  same  as  that  at  a  point  on  the  outside, 
(2)  that  there  is  no  electricity  inside  a  nearly  closed  conductor 
when  the  outside  is  highly  charged  ?  (12) 

6.  The  caps  of  two  gold-leaf  electroscopes  are  connected— one 
to  the  inner,  the  other  to  the  outer,  coating  of  an  insulated  Leyden 
jar.  How  are  the  leaves  a£fected  when  a  positive  charge  is  com- 
municated to  the  inner  coating  of  the  jar  ?  (12) 

7.  Radium  shoots  out  continually  both  positively  and  negatively 
electrified  particles.  What  experiment  could  you  make  to  test 
whether  the  quantities  of  positive  and  negative  electricity  simul- 
teneonsly  produced  by  radium  are  equal  ?  (18) 
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1.  A  piece  of  iron  when  brought  near  to  a  small  oompaas  ncedlo  nttract» 

one  pole  and  repels  the  other ;  how  would  you  asccrtuin  whether 
it  was  permanently  magnetised  or  only  temporarily  magnetised 
by  the  earth's  magnetic  field  P  (12) 

2.  Sketch  the  lines  of  force  of  a  bar  magnet,  with  an  equal  bar  of  soft 

iron  laid  across  its  N.  pole  so  as  to  form  a  T.  (13) 

3.  A  horseshoe  magnet  laid  on  the  table  near  a  compass  needle  pro- 

duces a  deflection  of  the  latter.  "NVhen  the  keeper  of  the  magnet 
is  placed  near  the  poles,  but  not  touching  them,  the  deflection  is- 
diminished.     How  do  you  explain  this  P  (12) 

4.  The  beam  of  a  balance  is  made  of  iron.     If  the  balance  is  placed  so 

that  the  beam  vibrates  in  a  plane  at  right  angles  to  the  mag- 
netic meridian,  the  beam  is  horizontal  when  equal  weights  are 
placed  in  the  scale-pan.  What  will  happen  when  the  balance 
is  turned  so  that  the  iron  beam  swings  in  the  magnetic  meridian  P 

(12) 
Frictional  Electncity. 

5.  How  would  you  show,  by  means  of  a  condensing  electroscope,  that 

the  poles  of  a  voltaic  battery  are  oppositely  charged  P  (13) 

6.  When  a  charged  glass  rod  is  brought  near  to  an  electroscope  the 

leaves  diverge,  and  fall  together  again  when  the  rod  is  with- 
drawn. If  a  needle  is  placed  on  the  cap  of  the  electroscope, 
yini\i  the  point  projecting  from  it,  and  the  experiment  is  repeated, 
the  leaves  diverge  on  approach  of  the  ^lass  rod,  but  remain 
divergent  when  the  rod  is  taken  away.     Explain  this.  (12) 

7.  A  deep  metal  cylinder  open  at  the  top  is  placed  on  an  insulating 

stand  and  charged  with  negative  electricity:  a  metal  sphere 
supported  by  an  insulating  silk  thread  is  put  in  contact  (a) 
with  the  outside,  {b)  with  the  inside  of  the  can,  and  then  brought 
close  up  to  a  positively  charged  gold  leaf  electroscope.  State 
and  explain  the  effect  produced  on  the  electroscope  in  the  two 
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why  not  P  (IS) 

It.  Doai  a  atniffht  eoppar  win  Ihreagh  whieh  aa  ilmric  iMiirt 
flowa  attract  or  repal  a  aaifaatiapolaP  How  do  yaa  aapliia 
what  happana  whaaaaflhawiioiaplaafidialoiiaafliafiP  (U) 

IS.  An  aloctric  earraat  ia  paoMd  thraafh  a  platJuaw  wiioaad  a 

wira  of  tha  auaa  aba,  amu^  ia  taviai.    If  thaiHa^thaf  i 

cuiiaal  ia 

whOa  tha  eoppar  fiiiai  da>k.    BiplrfBlMk  (ID 

14.  Show  that  a  galraiKNBalar 

aaeaitira  by  pladag  a  aM^aal  fai  a 
awyibwiihood«    Otfo  a  akttca 
Oa  BMgaat  ao  that  by 
aarilybaaltand;  iadieala  tha  poiWoa  of  i 
aal  whaa  tha  aaaaitivaaM  of  tha 
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SCHOOL  MAGNETISM   &    ELECTRICITY. 
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THOMAS  LAUBIB.  18.  Paternoster  Row.  Undon.  E.C. 


THOMAS  LAURIE,  Scientific  Apparatus  Maker. 

NEW  AND  IMPROVED  APPARATUS 
FOR    TKACHING 

MAGNETISM    &    ELECTRICITY. 

(Patent) 

Invtvltd  hv  R   If.Jl'DE.  M.A.,  D.Sc,  Urad  of  Malhettiatical  and  Plnskal 

DrfAilnifnt,  Rulhrrjotri  Coltegt,  Nt:veasllf-on-TyHe ;  Author  of  "  First'Slage 

hlfilnc'tv  and  MugneltSMi,"  and  '  /'/ivaics  :  txfientneiitai  and  T/ieoiettcai." 

These  Inventions  by  Dr.  Jude  are  the  fruit  of  much  thouf;ht,  and  of  years 
of  experiment,  on  the  part  oi  a  successful  piacttcal  i«acher  and  w»iler.  They 
will  be  found  lo  effect  a  g^i«at  saving:  in  the  time  and  work  of  both  teacher 
and  doss 


C      JUDE'S  DOUBLE  LEAF 


ELECTROSCOPE 

Price  17/6. 

This  Instrument  supplies  the  long  felt 
want  of  a  really  ^ood  hlectroscope  for  the 
Lecture  I'able.  It  enables  all  the  most 
important  principles  of  Electrostatics  to 
he  demonstrated  with  ?reat  clearness; 
Its  Avopklngr  is  thopouirhly  re- 
liable, it  requires  no  drying  or  healiu;;, 
and  contains  no  sulphuric  acid  or  other 
chemicals.  It  can  also  be  well  seen  from 
a  distance  by  a  large  class. 


JUDES    SINGLE-LEAF 
ELECTROSCOPE 

Price  30/- 

This  Instrument  is  of  advantaj^e  /or 
cirtain  special  txperiments.  It  consists  of 
a  single  gold  leaf  suspended  between  two 
copper  plates  A  aod  B  ;  when  A's  poten- 
tial is  higher  than  IJ's  the  leaf  moves  from 
A  towaros  \\,  and  vice  ver»a. 

GALVANOMETER    or   GALVANOSCOPE 

(Hitch  and  Low  Resistances    Price  20/- 

The  Instrument  is  conveniently  adapted  for  use  with  the  Multiplex  Con* 
nector  (which  see),  as  it  enables  the  effects  of  coupling  cells  in  different 
ways,  both  with  high  and  low  external  resistance,  to  be  experimentally  de- 
nionstiatrd  in  a  few  moments. 

JUDES  MULTIPLEX  CONNECTOR 

Price  £.2. 
Tin*  is  an   original   invention  tor  enabling  cells  to  be  expeditiously   con- 
nected either  in  series,  arc.  or  compound  circuit. 

An  ttplanatoiy  iHushuteJ  ptospeclns  oj  the  nbovf  /,,ur  uivenlious,  and  ad' 
ditioual  a/ paratiia /or  Itaclting  £tfCtncity,  may  lie  oClaineii  of  the  sole  maker, 

THOMAS  LAURIE,  13,  Paternoster  Row,  London. 


TEbe  ^roantsed  Science  Series. 
SCIENCE   AND   ART   EXAMINATIONS 

[BOA HI)   OF  £DUCATI0X). 


SECOND     STAGE. 
V. — Mathematics.   Second  Stage,     lieing  the  Additional 

\         ra  Hnd   Kuclid   with  the  Trigonometr>' required.    Edited 
:    Wm.  Brioos.  M.A.,  F.R.A.S.     Third  Kdxtwn.    38.  6d. 
"  '  r  the  second  Btai^e  it  willlx)  uBeful  to  hhve 

the  thr.  ited,  and  yet  within  the  limit*  of  a  single 

volum..'.        _,..,...        ......   Uion. 

♦•The  ranj?e  of  the  subjects,  and  the  handling  of  them  Iwth  seem 
thoroughly  suited  to  the  requirement*  of  the  syllabus." — Gwirdian. 

VIa. — Mechanics,   Second  Stage.      Bv  Dr.  Wm.  Beioqs, 

M.A.,    h.Sr.,    F.ItA.S.,    and    G.    H.  liRTAN,    Sc.D.,    M.A., 

F.K.S.      Vul.    I.,    DrNAMICS.      Third    Edition,    Bevited    and 

Etilavijrd.      38.  6d. 

'•  The  student  who  wishes  to  face  the  examination  with  a  cheerful 

countenance  should  master  this  well -written  vad*  mscum,  than  which 

no  better  treatise  has  come  und.ir  our  notice." — Practical  Ttaeh9r. 

VIa. — Mechanics,  Second  Stage.       By  Dr.  Wm.  Brigqs, 

M.A..    It.Sc.,    F.R.A.S..   and   G.    H.    Brtan,    Sc  D.,    M.A., 

F.K.8.       Vol.     II.,    Statics.        Third    Edition,     Revised    and 

Enlaryrd.     38   6d. 

"  111  is  is  a   welcome   addition    to  our  text-books   on  statics.     The 

treatment  is  sound,  clear,  and  interesting,  and  the  familiar  old  proofs 

are  simplified  and  improved." — Journal  of  Education. 

**  ITie  book  is  thorouj^hly  practical,  the  principles  and  demonstra- 
tions are  remarkably  clear." — fkhoolmasttr . 

VIIIc. — Heat,  Second  Stage.     Bv  II.  Wallace  Stewart, 

D.Sc.  I»nd.      Third  Edxtion.     38.  6d. 
"  Students  will  find  ihia  book  suitable  for  their  purpose.    The  state- 
ments are  accurate,  the  style  clear,  and  the  subject-matter  up  to  date." 
— Education. 

IX. — Magnetism  and  Electricity,  Second  Stage.     By  R. 

Wallace  .Stkwakt,  D.Sc.  Lond.       Second  Editton,  Eevi$ed  and 

Enlarffcd.     38.  6d. 
"  The  numerical  exercises  set  are  excellent,  and  we  can  recommend 
the  book  to  candidates  for  the  Second  Stage  Board  of  Education  Ex- 
amination."— Electrician. 
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